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METHO D AND REAGENT FOR TREATMEMT OP AR TH R'TP 
CONDITIONS. INDUCTfON OF GRAFT TnLERANHP ANip 
REVERSAL OF IMMUNg RgfiPnN|<^f 

S Background of the Invention 

The following is a discussion of relevant art, none of which is admitted to 
be prior art to the present invention. 

In one aspect, this invention relates to methods for inhibition of 
osteoarthritis, in particular, inhibition of genetic expression which leads to a 
10 reduction or elimination of extracellular matrix digestion by matrix 
metalloproteinases. 

There are several types of arthritis, with osteoarthritis and rheumatoid 
arthritis being predominar.t. Osteoarthritis is a slowly progressive disease 
characterized by degeneration of articular cartilage with proliferation and 
15 remodeling of subchondral bone. It presents with a clinical picture of pain, 
deformity, and loss of joint motion. Rheumatoid arthritis is a chronic systemic 
inflammatory disease. Rheumatoid arthritis may be mild and relapsing or 
severe and progressive, leading to joint defomiity and incapacitation. 

Arthritis is the major contributor to functional impairment among the older 
20 population. It is the major cause of disability and accounts for a large 
proportion of the hospitalizations and health care expenditures of the elderly. 
Arthritis is estimated to be the principal cause of total incapacitation for about 
one million persons aged 55 and older and is thought to be an important 
contributing cause for about one million more. 

25 Estimating the incidence of osteoarthritis is difficult for several reasons. 

First, osteoarthritis is diagnosed objectively on the basis of reading 

radiographs, but many people with radiologic evidence of disease have no 
obvious symptoms. Second, the estimates of prevalence are based upon 
clinical evaluations because radiographic data is not available for all afflicted 
30 joints. In the NHANESI survey of 1989, data were based upon a thorough 
musculoskeletal evaluation during which any abnormalities of the spine, knee. 
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hips, and peripheral joints were noted as well as other specific diagnoses. 
Based on these observations, 12% of the US population between 25 and 74 
years of age have osteoarthritis. 

It is generally agreed that rheumatoid arthritis has a worid-wide 
5 distribution and affects all racial and ethnic groups. The exact prevalence in 
the US is unknown but has been estimated to range between 0.5% and 1 .5%, 
Rheumatoid arthritis occurs at all age levels and generally increases in 
prevalence with advancing age. It is 2-3 times more prevalent in women than 
in men and peak incidence occurs between 40-60 years of age. In addition to 
10 immunological factors, environmental, occupational and psychosocial factors 
have been studied for potential etiologic roles in the disease. 

The extracellular matrix of multicellular organisms plays an important role 
in the formation and maintenance of tissues. The meshwork of the 
extracellular matrix is rioposited by resident cells and provides a framework for 

15 cell adhesion and n.igration, as well as a permeability barrier in cell-cell 
communication. Connective tissue turnover during normal growth and 
development or under pathological conditions is thought to be mediated by a 
family of neutral metalloproteinases, which are zinc-containing enzymes that 
require calcium for full activity. The regulation of metalloproteinase 

20 expression is celUtype specific and may vary among species. 

The best characterized of the matrix metalloproteinases, interstitial 
collagenase (MMP-1). is specific for collagen types I, II. and III. MMP-1 
cleaves all three chains of the triple helix at a single point initiating sequential 
breakdown of the interstitial collagens. Interstitial collagenase activity has 
25 been observed in rheumatoid synovial cells as well as in the synovial fluid of 
patients with inflammatory arthritis. Gelatinases (MMP-2) represent a 

subgroup of the metalloproteinases consisting of two distinct gene products; a 
70 kOa geiatinase expressed by most connective tissue cells, and a 92 kDa 
gelatinase expressed by inflammatory phagocytes and tumor cells. The larger 
30 enzyme is expressed by macrophages. SV-40 transformed fibroblasts, and 
neutrophils. The smaller enzyme is secreted by H-ras transformed bronchial 
epithelial cells and tumor cells, as well as normal human skin fibroblasts. 
These enzymes degrade gelatin (denatured collagen) as well as native 
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collagen type XI. Stromelysin (MMP-3) has a wide spectrum of action on 
molecules composing the extracellular matrix. It digests proteoglycans, 
fibronectin, laminin, type IV and IX collagens and gelatin, and can remove the 
N-terminal propeptide region from procollagen, thus activating the 
5 collagenase. It has been found in human cartilage extracts, rheumatoid 
synovial cells, and in the synovium and chondrocytes of joints in rats with 
collagen-induced arthritis. 

Both osteoarthritis and rheumatoid arthritis are treated mainly with 
compounds that inhibit cytokine or growth-factor induced synthesis of the 

10 matrix metalloproteinases which are involved in the extracellular matrix 
destruction observed in these diseases. Current clinical treatments rely upon 
dexamethasone and retinoid compounds, which are potent suppressors of a 
variety of metalloproteinases. The global effects of dexamethasone and 
retinoid treatment upon gene expression in treated cells make the 

15 development of alternative therapies desirable, especially for long term 
treatments. Recently, it was shown that gamma-interferon suppressed 
lipopolysaccharide induced collagenase and stromelysin production in 
cultured macrophages. Also, tissue growth factor-p (TGF-P ) Kas'been shown 
to block epidermal growth factor (fcGF) induction of stromelysin synthesis in 

20 vitro. Experimental protocols involving gene therapy approaches include the 
controlled expression of the metalloproteinase inhibitors TIMP-1 and TIMP-2, 
Of the latter three approaches, only y-interferon treatment is currently feasible 
in a clinical application. 

Sullivan and Draper, International PCT Publication No. WO 94/02595 
25 and Draper etaL, Intemational PCT Publication No. WO 95/13380 disclose 
the use of ribozymes to treat arthritis. 

In a second aspect, the invention relates to methods for the induction of 
graft tolerance, treatment of autoimmune diseases, inflammatory disorders 
and allergies in particular, by Inhibition of B7-1. B7-2. BT-S and CD40. 

30 An adaptive immune response requires activation, clonal expansion, and 

differentiation of a class of cells temied T lymphocytes (T cells). T cell 
activation is a multi-step process requiring several signalling events between 
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the T cell and an antigen presenting cell. The ensuing discussioh details 
signals that are exchanged between T cells and antigen presenting B cells. 
Similar pathways are thought to occur between T cells and other antigen 
presenting celts such as monocytes or follicular dendritic cells. 

5 T cell activation is initiated when the T*cell receptor (TCR) binds to a 

specific antigen that is associated with the MHC proteins on the surface of an 
antigen presenting cell. This primary stimulus activates the T cell and induces 
expression of CD40 ligand (CD40L) on the surface of the T cell. CD40L then 
interacts with its cognate receptor, CD40, which is constitutively expressed on 

1 0 the surface of B cells; CD40 transduces the signal leading to B cell activation. 
B cell activations result in the expression of B7-1, B7-2 and/or B7-3, which in 
tum interacts with constitutively expressed CD28 on the surface of T cells. The 
interaction generates a secondary co-stimulatory signal that is required to fully 
activate the T cell. Complete T cell activation via the T cell receptor and CD28 

15 leads to cytokine secretion, clonal expansion, and differentiation. If the T cell 
receptor is engaged, absence of this secondary co-stimulus mediated by 
CD28, then the T cell is inactivated, either by clonal anergy (non- 
responsiveness or reduced ' /eactivity of the immune system to specific 
antigen(s)) or clonal deletion (Jenkins et al.. 1987 Proc. Natl. Acad. Set. USA 

20 84. 5409). Thus, engagement of the TCR without a concommitant 
costimulatory signal results in a state of tolerance toward the specific antigen 
recognized by the T cell. This co-stimulatory signal can be mediated by the 
binding of B7-1 or B7-2 or B7-3, present on activated antigen-presenting cells, 
to CD28, a receptor that is constitutively expressed on the surface of the T cell 

25 (Marshall et a!., 1993 J Clin Immun 13. 165-174; Linsley, et al.. 1991 J Exp 
Med 173. 721; Koulova et al.. 1991 J Exp Med 173. 759; Harding et aL, 1992 
Nature 356. 607). 

Several homologs of B7 (now known as B7-1: Cohen. 1993 Science 

262, 844) are expressed in activated B cells (Freeman et al.. 1993 Science 
30 262. 907; Lenschow et al., 1993Proc Natl Acad Sci USA 90, 11 054; Azuma et 
al., 1993 Nature 366. 76; Hathcock et al., 1993Sc/0nce 262. 905; Freeman et 
al., 1993Sc/enc8 262. 909). B7-1 and B7-3 are only expressed on the surface 
of a subset of B cells after 48 hours of contact with T cells. In contrast. B7-2 
mRNA is constitutively expressed by unstimulated B cells and increases 4-fold 
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within 4 hours of activation (Freeman et al., 1993Sc/enc0 262. 909; Boussiotis 
at al.. 1993 Proc Natl Acad Set USA 90. 1 1059). Since T cells commit to either 
the anergy or the activation pathway within 12-24 hours of the initial TCR 
signal, it is thought that B7-2 is the molecule responsible for the primary 
5 costimulatory signal. 87-1 and 87-3 may provide a subsequent signal 
necessary for clonal expansion. Antibodies to B7-2 completely block T cell 
proliferation in a mixed lymphocyte reaction (Azuma et al.. 1993 supra), 
supporting the central role of B7-2 in T cell activation, The^e experiments 
indicate that inhibition of 87-2 expression (for example with a ribozyme) would 
10 likely induce anergy. Similarly, inhibition of CD40 expression by a ribozyme 
would prevent 87-2 upregtilation and could induce tolerance to specific 
antigens. 

B7 (87-1) is a 60 KD modified trans-membrane glycoprotein usually 
present on the surface of antigen presenting cells (APC). 87 has two ligands- 
15 CD28 and CTLA4. Interaction of B7-1 with CD28 and/or CTLA4 causes 
activation of T cell responses (Janeway and Bottomly, 1994 Ce//76, 275), 

87-2 is a 70 KD (34 KD unmodified) tran s membrane glycoprotein found 
on the surface of APCs. 87-2 encodes a 323 amino-acid protein which is 26 
% identical to human 87-1 protein. Like 87-1. CD28 and CTLA4 are 
20 selectively bound by 87-2. 87-2, unlike 87-1, is expressed on the surface of 
unstimulated 8 cells (Freeman et al.. 1993 supra), 

CD40 is a 45-50 KD surface glycoprotein found on the surface of late 
pre-8 cells In bone marrow, mature B cells, bone marrow-derived dendritic 
cells and follicular dendritic cells (Clark and Ledbetter, 1994 Nature 367, 425). 

25 Successful organ transplantation currently requires suppression of the 

recipient's immune system in order to prevent graft rejection and maintain 
good graft function. The available therapies, including cyclosporin A. FK506 

and various monoclonal antibodies, all have serious side effects (Caine. 1992 
Transplantation Proceedings 24, 1260; Fuleihan et al., 1994 J. Clin. Invest. 93, 
30 1315; Van Gool et al., 1994 Blood 83, 176) . In addition, existing therapies 
result in general immune suppression, leaving the patient susceptible to a 
variety of opportunistic infections. The ability to induce a state of long-term, 
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antigen-Specific tolerance to the donor tissue would revolutionize the field of 
organ and tissue transplantation. Since organ graft rejection is mediated by T 
cell effector function, the goal is to block specifically the activation of the 
subset of T cells that recognize donor antigens. A limitation in the field of 
5 transplantation is the supply of donor organs (Nowak 1994 Science 266, 
1148). The ability to induce donor-specific tolerance would substantially 
increase the chances of successful allographs, xenographs, thereby greatly 
increasing the donor pool. 

Such transplantation includes grafting of tissues and/or organ ie., 
10 implantation or transplantation of tissue and/or organs, from the body of an 
individual to a different place within the same or different individual. 
Transplantation also involve grafting of tissues and/or organs from one area of 
the body to another. Transplantation of tissues and/or organs between 
genetically dissimilar animals of the same species is ternied as allogeneic 
15 transplantation. Transplantation of animal organs into humans is termed 
xenotransplants (for a review see Nowak; 1994 Science 26S, 1148). 

One therapy currently being dev< ' ped that has similar potential to 
induce antigen-specific tolerance is treatment with a CTLA4-lg fusion protein. 
"CTLA4" is a homologue of CD28 that binds B7-1 and B7-2 with high affinity. 

20 The engineered, soluble fusion protein, CTLA4-lg, binds B7-1. thereby 
blocking its interaction with CD28. The results of CTLA4-lg treatment in 
animal studies are mixed. CTLA4-lg treatment significantly enhanced sun/ival 
rates and ameliorated the symptoms of grafl-versus host disease in a murine 
bone marrow tranplant model (Blazer et al.. 1994 Stood 83. 3815). CTI-A4-lg 

25 induced long-tenm (>110 days) donor-specific tolerance in pancreatic islet 
xenographs (Lenschow et aL. 1992Sc/ence 257, 789). Conversely, in another 
study CTLA4-lg treatment delayed but did not ultimately prevent cardiac 
allograft rejection (Turka, et al.. 1992 Proc Nati Acad Set U S A Q9, 11102). 

Mice immunized with sheep erythrocytes in the presence of CTLA4-lg failed to 
30 mount a primary Immune response (Unsley, et al., 1992Sc/0ncd 257, 792). A 
secondary immunization did elicit some response, however, indicating 
incomplete tolerance. Interestingly, identical results were obtained when 
CTLA4-lg was administered 2 days after primary immunization, leading the 
authors to conclude that CTLA4-lg blocked amplification rather than initiation 
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of the immune response. Since CTLA4-ig has been shown to dissociate more 
rapidly from B7-2 compared with B7-1, this may explain the failure to induce 
long term tolerance in this model (Linsley et ah, 1994 Immunity^, 793). 

CTLA4:lg has recently been shown to ameliorate symptoms of 
5 spontaneous autoimmune disease in lupus-prone mice (Finck et al., 1994 
Science 265, 1225). 

Linsley et al.. WO 92/00092 describe B7 antigen as a Ifgand for CD28 
receptor on T cells. The application states that- 

"The B7 antigen, or its fragments or derivatives are reacted with C028 positive T cells to 

10 regulate T cell interactions with other cells B7 antigen or C028 receptor may be used to 

inhibit interaction of cells associated with these molecules, thereby regulating T cell responses." 

De Boer and Conroy. WO 94/01547 describe the use of anti-B7 and anti- 
CD40 antibodies to treat allograft transplant rejection, graft versus host 
disease and rhematoid arthritis. The application states that- 

^ 5 "...anti-B7 and anti-C040 antibodies...cai:i be used to prevent or treat an antibody- 

mediated or immune system disease in a patient.' 

Since signalling via CD40 precedes induction of B-7, blocking the CD40- 
CD40L interaction would also have the potential to produce tolerance. 
According to one report, simultaneous treatment of mice with antibodies to 

20 CD40L and sheep red blood cells produced antigen-specific tolerance for up 
to 3 weeks following cessation of treatment (Foy et a!.. 1993 J Exp Med 178, 
1567), Anti-CD40L also produces antigen specific tolerance in a pancreatic 
islet transplant model (R. Noelle, personal communication). Targeted 
inhibition of CD40 expression in B cells in addition to 87 would therefore 

25 afford double protection against activation of T cells. 

Therapeutic agents used to prevent rejection of a transplanted organ are 
all cytotoxic compounds or antibodies designed to suppress the cell-mediated 
immune system. The side effects of these agents are those of 
immunosuppression and infections. The primary approved agents are 
30 azathioprine, corticosteroids, cyclosporine; the antibodies are antilymphocyte 
or antithymocyte globulins. All of these are given to individuals who have 
been as closely matched as possible to their donors by both major and minor 
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histocompatibility typing. Since the principal problem in transplantation is an 
antigenic mismatch and the resulting need for cytotoxic therapy, any 
therapeutic improvement which decreases the local immune response without 
general immunosuppression should capture the transplant market. 

5 Cyclosporine: At the end of the 1970's and early 1980's the introduction 

of cyclosporine revolutionized the transplantation field. It is a potent 
Immunosuppressant which can inhibit immunocompetent lymphocytes 
specifically and reversibly. Its primary mechanism of action appears to be 
inhibition of the production and release of interleukin*2 by T helper cells. In 

10 addition it also interferes with the release of interleukin-l by macrophages, as 
well as proliferation of B lymphocytes. It was approved by the FDA in 1983 
and by 1989 was almost universally given to transplant recipients. At first it 
was believed that the toxicity and side effects from cyclosporine were minimal 
and it was hailed as a "wonder drug." Numerous side effects have been 

15 progressively cited, including the appearance of lymphomas, especially in the 
gastrointestinal tract; acute and chronic nephrotoxicity; hypertension; 
hepatotbxicity; hirsutism; anemia; neurotoxicity; endocrine and neurological 
complications; and gastrointestinal distress. It is nc * / v/ldely acknowledged 
that the non-specific side effects of the drug demand caution and close 

20 monitoring of its use. One-year survival rates for cadaver kidney transplants 
treated with cyclosporine is 80%, much better than the 50-60% rates without 
the drug. The one-year survival is almost 90% for transplants with related 
donors and the use of cyclosporine. 

Azathioprine: In addition to cyclosporine, azathioprine is used for 
25 transplant patients. Azathioprine is one of the mercaptopurine class of drugs 
and inhibits nucleic acid synthesis. Patients are maintained indefinitely on 
daily doses of Img/kg or less, with a dosage adjusted in accordance with the 
white cell count. The drug may cause depression of bone marrow elements 
and may cause jaundice. 

30 Corticosteroids: Prednisone, used in almost all transplant recipients, is 

usually given in association with azathioprine and cyclosporine. The dosage 
must be regulated carefully so as so prevent complications such as infection, 
development of cushingoid features, and hypertension. Usually the initial 
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maintenance prednisone dosage is 0.5 mg/kg/d. This dosage is usually 
further decreased in the outpatient clinic until maintenance levels of about 10 
mg/d for adults are obtained. The exact site of action of corticosteroids on the 
Immune response is not known. 

5 Antithvmoblast or antilvmohocvte gl obulin (ALG) and antithymocytft 

Globulin {ATG): These are important adjunctive immunosuppressants. They 
are effective, particularly in induction of immunosuppressive therapy and in 
the treatment of corticosteroid-resistant rejection. Both ALG and ATG can be 
made by immunizing horses, rabbits, or sheep; the main source is horses. 
10 Lymphocytes from human peripheral blood, spleen, lymph nodes, or thymus 
sen/e as the immunogen. 

Tacrolimus: On April 13. 1994 the Food and Drug Administration 
approved another drug to help prevent the rejection of organ transplants. The 
drug, tacrolimus, was approved only for use in liver transplant patients. An 

1 5 alternative to cyclosporine, the macrolide immunosuppressant tacrolimus is a 
powerful and selective anti-T-lymphocyte agent that was discovered in 1984. 
Tacrolimus, isolated from the fungus Streptomyces tsukubaensis, possesses 
immunodepressant properties similar to but more potent than cyclosporine. It 
inhibits both cell-mediated and humoral immune responses. Like 

20 cyclosporine, tacrolimus demonstrates considerable interindividual variation 
in its phamnacokinetic profile. Most clinical studies with tacrolimus have 
neither been published in their entirety nor subjected to extensive peer review; 
there is also a paucity of published randomized investigations of tacrolimus vs. 
cyclosporine, particulariy in renal transplantation. Despite these drawbacks. 

25 tacrolimus has shown notable efficacy as a rescue or primary 
immunosuppressant therapy when combined with corticosteroids. The 
potential for reductionai withdrawal of corticosteroid therapy with tacrolimus 
appears to be a distinct advantage compared with the cyclosporine. This 
benefit may be enhanced by reduced incidence of infectious complications, 

30 hypertension and hypercholesterolemia reported by some investigators, in 
other respects, the tolerability profile of tacrolimus appears to be broadly 
similar to that of cyclosporine. 



wo 96/18736 PCrA,S95/IS5I6 

10 



In addition to induction of graft tolerance. T cell anergy can be used to 
reverse autoimmune diseases. Autoimmune diseases represent a broad 
category of conditions. A few examples include insulin-dependent diabetes 
mellitus (IDOM), multiple schlerosis (MS), systemic lupus erythematosus 

5 (SLE), rtieumatoid arthritis . (RA), myasthenia gravis (MG), and psoriasis. 
These seemingly disparate diseases all share the common feature of 
inappropriate immune response to specific self-antigens. Finck et al. supra 
have reported that CTLA4lg treatment of mice blocked 'auto-antibody 
production in a mice model of SLE. In fact, this effect was observed even 

10 when the CTLA4lg treatment was initiated during the advanced stages of the 
disease, suggesting that the autoimmune response was a reversible process. 

Chappel. WO 94/11011 describes methods to treat autoimmune 
diseases by inducing tolerance to cells, tissues and organs. The application 
states that- 

1 5 "Cells genetically engineered with ONA encoding a plurality of antigens of a cell, tissue, 

or organ to which tolerance is to t>e induced. The cells are free of co-stimulatory antigens, such 
as 87 antigen. Such ceils induce T-cell anergy against the proteins encoded by the DNA. and 
may be administered to a patient in order to prevent the onset of or to treat ai. autoimmune 
disease, or to induce tolerance to a tissue or organ prior to transplantation.* 

20 Allergic reactions represent an immediate hypersensitivity response to 

environmental antigens, typically mediated by IgE antibodies. The ability to 
induce antigen-specific tolerance provides a powerful avenue to alleviate 
allergies by exposure to the antigen in conjunction with down-regulation of 
B7-1.B7-2, B7-3 orCD40, 

25 The specific roles of 87-1, B7-2 and B7-3 in T cell activation remains to 

be determined. Sorhe studies suggest that their functions are essentially 
redundant (Hathcocl< et al 1994 J Exp. Med. 160. 631), or that the differences 
observed in the kinetics of expression might simply indicate that B7-2 is 
important in the Initiation of the co-stimulatory signal, while B7-1 plays a role in 

30 the amplification of that signal. Other studies point to more specific functions. 
For example, Kuchroo et al.. 1995 Cell 80, 707. have reported that blocking 
B7-1 expression may favor a Th2 response, while blocking B7-2 expression 
favors a Thi response. These two helper T cell subpopulations play distinct 
roles in the immune response and inflammatory disease. Th1 cells are 
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Strongly correlated with auto-immune disease. Allergic responses are 
typically triggered by Th2 response. Therefore, the decision to target B7-1, 
B7-2. CD40 or a combination of the above will depend to the particular 
disease application. 

5 • 

Summafy of tha hvflnti^" 

Applicant notes that the inhibition of collagenase and stromelysin 
production in the synovial membrane of joints can be accomplished using 
ribozymes and antisense molecules. Ribozyme treatment can be a partner to 

1 0 current treatments which primarily target immune cells reacting to pre-existing 
tissue damage. Early ribozyme or antisense treatment which reduces the 
collagenase or stromelysin-induced damage can be followed by treatment 
with the anti-inflammatories or retinoids, if necessary. In this manner, 
expression of the proteinases can be controlled at both transcriptional and 

15 translational levels. Ribozyme or antisense treatment can be given to patients 
expressing radiological signs of osteoarthritis prior to the expression of clinical 
symptoms. Ribozyme or antisense treatment can impact the expression of 
stromelysin without introducing the non-specific effects upon gene expression 
which accompany treatment with the retinoids and dexamethasone. The 

20 ability of stromelysin to activate procollagenase indicates that a ribozyme or 
antisense molecule which reduces stromelysin expression can also be used 
in the treatment of both osteoarthritis (which Is primarily a stromelysin- 
associated pathology) and rtieumatoid arthritis (which is primarily related to 
enhanced collagenase activity). 

25 While a number of cytokines and growth factors induce 

metalloproteinase activities during wound healing and tissue injury of a pre- 
osteoarthritic condition, these molecules are not preferred targets for 
therapeutic intervention. Primary emphasis is placed upon inhibiting the 
molecules which are responsible for the dismption of the extracellular matrix. 

30 because most people will be presenting radiologic or clinical symptoms prior 
to treatment. The most versatile of the metalloproteinases (the molecule which 
can do the most structural damage to the extracellular matrix, if not regulated) 
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is stromelysin. Addrtionally. this molecule can activate procollagenase. which 
in turn causes further damage to the collagen backbone of the extracellular 
matrix. Under nomial conditions, the conversion of prostromelysin to active 
stromelysin is regulated by the presence of inhibitors called TIMPs (tissue 
5 inhibitors of MMP). Because the level of TIMP in synovial cells exceeds the 
level of prostromelysin and stromelysin activity is generally absent from the 
synovial fluid associated with non-arthritic tissues, the toxic effects of inhibiting 
stromelysin activity in non-target cells should be negligible. 

Thus, the invention features use of specific ribozyme molecules to treat or 
10 prevent arthritis, particularly osteoarthritis, by inhibiting the synthesis of the 
prostromelysin molecule in synovial cells, or by inhibition of other matrix 
metalloproteinases discussed above. Cleavage of targeted mRNAs 
(stromelysin mRNAs, including stromelysin 1, 2, and 3, and collagenase) 
expressed in macrophages, neutrophils and synovial cells represses the 
1 5 synthesis of the zymogen fomi of stromelysin. prostromelysin, 

Ribozymes are RNA molecules having an enzymatic activity which is 
able to repeatedly cleave other separate RNA molecules in a nucleotide ba * 
sequence specific manner. It is said that such enzymatic RNA molecules can 
be targeted to virtually any RNA transcript and efficient cleavage has been 
20 achieved in vitro. Kim et al.. 84 Proc. Nat. Acad, of Sci. IJg A 8788, 1987; 
Haseloff and Gerlach. 334 Nature 585, 1988; Cech. 260 JAMA 3030, 1988; 
and Jefferies etal., 17 Nucleic A cid Research 1371. 1989. 

Six basic varieties of naturally-occurring enzymatic RNAs are known 
presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds in 

25 trans (and thus oan cleave other RNA molecules) under physiological 
conditions. Table I summarizes some of the characteristics of these 
ribozymes. In general, enzymatic nucleic acids act by first binding to a target 
RNA. Such binding occurs through the target binding portion of a enzymatic 
nucleic acid which is held in close proximity to an enzymatic portion of the 

30 molecule that acts to cleave the target RNA. Thus, the enzymatic nucleic acid 
first recognizes and then binds a target RNA through complementary base- 
pairing, and once bound to the con-ect site, acts enzymalically to cut the target 
RNA. Strategic cleavage of such a target RNA will destroy its ability to direct 
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synthesis of an encoded protein. After an enzymatic nucleic acid has bound 
and cleaved its RNA target, it is released from that RNA to search for another 
target and can repeatedly bind and cleave new targets. 

By "enzymatic RNA molecule" it is meant an RNA molecule which has 
5 complementarity in a substrate binding region to a specified mRNA target, and 
also has an enzymatic activity which is active to specifically cleave that mRNA. 
That is, the enzymatic RNA molecule is able to intermolecularly cleave mRNA 
and thereby inactivate a target mRNA molecule. This complementarity 
functions to allow sufficient hybridization of the enzymatic RNA molecule to the 
10 target RNA to allow the cleavage to occur. One hundred percent 
complementarity is preferred, but complementarity as low as 50-75% may also 
be useful in this invention. For in vivo treatment, complementarity between 30 
and 45 bases is preferred; although lower numbers are also useful. 

By "complementary" is meant a nucleotide sequence that can form 
15 hydrogen bond(s) with other nucleotide sequence by either traditional 
Watson-Crick or other non-traditional types (for example Hoogsteen type) of 
base-paired interactions. 

The enzymatic nature of a ribozyme is advantageous over other 
technologies, such as antisense technology (where a nucleic acid molecule 

20 simply binds to a nucleic acid target to block its translation) since the 
concentration of ribozyme necessary to affect a therapeutic treatment is lower 
than that of an antisense oligonucleotide. This advantage reflects the ability of 
the ribozyme to act enzymatically. Thus, a single ribozyme molecule is able to 
cleave many molecules of target RNA. In addition, the ribozyme is a highly 

25 specific inhibitor, with the specificity of inhibition depending not only on the 
base pairing mechanism of binding to the target RNA. but also on the 
mechanism of target RNA cleavage. Single mismatches, or base- 
substitutions, near the site of cleavage can completely eliminate catalytic 

activity of a ribozyme. Similar mismatches in antisense molecules do not 
30 prevent their action (Woolf, T. M., et al„ 1992, Proc. Natl. Acad. Sci. USA . 89, 
7305-7309). Thus, the specificity of action of a ribozyme is greater than that of 
an antisense oligonucleotide binding the same RNA site. 
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In preferred embodiments of this invention, the enzymatic nucleic acid 
molecule is fomned in a hammerhead or hairpin motif, but may also be formed 
in the motif of a hepatitis delta virus, group I intron or RNaseP RNA (in 
association with an RNA guide sequence) or Neurospora VS RNA. Examples 
5 of such hammerhead motifs are described by Rossi of aL, 1992. Aids 
Research and Human Retrovimses 8. 183, of hairpin motifs by Hampel ef a/.. 
EPA 0360257. Hampel and Tritz, 1989 Biochemistry 28, 4929. and Hampel et 
ai.. 1990 Nucleic Acids Res. 18. 299, and an example of the hepatitis delta 
virus motif is described by Perrotta and Been, 1992 Biochemistry 31, 16; of the 

10 RNaseP motif by Guerrier-Takada et al., 1983 Cell 35, 849. Neurospora VS 
RNA ribozyme motif is described by Collins (Saville and Collins, 1990 Celt 
' 61, 685-696; Saville and Collins, 1991 Proc. Natl. Acad. Sci. USA 88, 8826- 
8830; Collins and Olive, 1993 Biochemistry 32, 2795-2799) and of the Group I 
intron by Cech et al., U.S. Patent 4.987.071. These specific motifs are not 

15 limiting in the invention and those skilled in the art will recognize that all that is 
important in an enzymatic nucleic acid molecule of this invention which is 
complementary to one or more of the target gene RNA regions, and that it 
have nucleotide sequences within or surrounding that substrate binding site 
which impart an RNA cleaving activity to the molecule. 

20 The invention provides a method for producing a class of enzymatic 

cleaving agents which exhibit a high degree of specificity for the RNA of a 
desired target. The enzymatic nucleic acid molecule is preferably targeted to 
a highly conserved sequence region of a target stromelysin encoding mRNAs 
such that specific treatment of a disease or condition can be provided with 

25 either one or several enzymatic nucleic acids. Such enzymatic nucleic acid 
molecules can be delivered exogenously to specific cells as required. 
Alternatively, the ribozymes can be expressed from DNA or RNA vectors that 
are delivered to specific cells. 

Synthesis of nucleic acids greater than 100 nucleotides in length is 
30 difficult using automated methods, and the therapeutic cost of such molecules 
is prohibitive. In this invention, small enzymatic nucleic add motifs (e.g., of the 
hammerhead or the hairpin structure) are used for exogenous delivery. The 
simple structure of these molecules increases the ability of the enzymatic 
nucleic acid to invade targeted regions of the mRNA structure. However. 
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these catalytic RNA molecules can also be expressed within cells from 
eukaryotic promoters (e.g., Scanlon et al.. 1991, Proc. Natl, Acad. Sci . \ t^f^ 
88. 10591-5; Kashani-Sabet et al., 1992 Antlsense Res, Dev. . 2, 3-15; 
Dropulic et al., 1992 J. Virol . 66, 1432-41; Weerasinghe et al.. 1991 J. ViroL 
5 65. 5531-4; Ojwang et al.. 1992 Proc. Natl. Acad. Sci. USA 89. 10802-6; 
Chen et al.. 1992 Nucleic Acids Res.. 20. 4581-9; Sarver et al.. 1990 Science 
247, 1222-1225; Thompson etaL, 1995 Nucleic Acids Res. 23. 2259). Those 
skilled in the art realize that any ribozyme can be expressed in eukaryotic cells 
from the appropriate DNA vector. The activity of such ribozymes can be 
1 0 augmented by their release from the primary transcript by a second ribozyme 
(Draper et al., PCT WO 93/23569, and Sullivan et al.. PCT WO 94/02595; 
Ohkawa et al., 1992 Nucleic Acids Svmo. Ser . 27. 15-6; Taira et al.. 1991. 
Nucleic Acids Res.. 19. 5125-30; Ventura et al.. 1993 Nucleic Acids Res.. 21 . 
3249-55; Chowrira et al.. 1994 J, Biol. Chem. 269, 25856) . 

15 Ribozyme therapy, due to its exquisite specificity, is particulariy well- 

suited to target mRNA encoding factors that contribute to disease pathology. 
Thus, ribozymes that cleave stromelysin mRNAs may represent novel 
therapeutics for the treatment of asthma. 

Thus, in a first aspect, the invention features ribozymes that inhibit 
20 stromelysin production. These chemically or enzymatically synthesized RNA 
molecules contain substrate binding domains that bind to accessible regions 
of their target mRNAs. The RNA molecules also contain domains that catalyze 
the cleavage of RNA. The RNA molecules are preferably ribozymes of the 
hammerhead or hairpin motif. Upon binding, the ribozymes cleave the target 
25 stromelysin encoding mRNAs. preventing translation and stromelysin protein 
accumulation. In the absence of the expression of the target gene, a 
therapeutic effect may be obsen^ed. 

By "inhlbir is meant that the activity or level of stromelysin encoding 
mRNAs and protein is reduced below that obsen/ed in the absence of the 
30 ribozyme. and preferably is below that level obsen/ed in the presence of an 
inactive RNA molecule able to bind to the same site on the mRNA. but unable 
to cleave that RNA. 
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Such ribozymes are useful for the prevention of the diseases and 
conditions discussed above, and any other diseases or conditions that are 
related to the level of stromelysin activity in a cell or tissue. By "related** is 
meant that the inhibition of stromelysin mRNAs and thus reduction in the level 
5 of stromelysin activity will relieve to some extent the symptoms of the disease 
or condition. 

Ribozymes are added directly, or can be compiexed with cationic lipids, 
packaged within liposomes, or otherwise delivered to target cells. The RNA or 
RNA complexes can be locally administered to relevant tissues ex vivo , or m 

10 vivo through injection, aerosol inhalation, infusion pump or stent, with or 
without their incorporation in biopolymers. In preferred embodiments, the 
ribozymes have binding arms which are complementary to the sequences in 
Tables All, Alll, AlV. AVI, AVIII and AIX. Examples of such ribozymes are 
shown in Tables AV, AVIl, AVIII and AIX. Examples of such ribozymes consist 

1 5 essentially of sequences defined in these Tables. 

By "consists essentially of is meant that the active ribozyme contains an 
enzymatic center equivalent to those in the examples, and binding arms able 
to bind mRNA such that cleavage at the target site occurs. Other sequences 
may be present which do not interfere with such cleavage. 

20 In a related aspect the invention features ribozymes that cleave target 

molecules and inhibit stromelysin activity are expressed from transcription 
units inserted into DNA or RNA vectors. The recombinant vectors are 
preferably DNA plasmids or viral vectors. Ribozyme expressing viral vectors 
could be constructed based on, but not limited to, adeno-associated virus. 

25 retrovirus, adenovirus, or alphavlrus. Preferably, the recombinant vectors 
capable of expressing the ribozymes are delivered as described above, and 
persist in target cells. Alternatively, viral vectors may be used that provide for 
transient expression of ribozymes. Such vectors might be repeatedly 

administered as necessary. Once expressed, the ribozymes cleave the target 

30 mRNA. Delivery of ribozyme expressing vectors could be systemic, such as by 
intravenous or intramuscular administration, by administration to target celts 
ex-planted from the patient followed by reintroduction into the patient, or by 
any other means that would allow for introduction into the desired target cell. 
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By -vectors" is meant any nucleic acid- and/or viral-based technique 
used to deliver a desired nucleic acid. 

This class of chemicals exhibits a high degree of specificity for cleavage 
of the intended target mRNA. Consequently, the ribozyme agent will only 
5 affect cells expressing that particular gene, and will not be toxic to normal 
tissues. 

The invention can be used to treat or prevent (prophylactically) 
osteoarthritis or other pathological conditions which are mediated by 
metalloproteinase activation. The preferred administration protocol is in vivo 
1 0 administration to reduce the level of stromelysin activity. 

Thus, the invention features an enzymatic RNA molecule (or ribozyme) 
which cleaves mRNA associated with development or maintenance of an 
arthritic condition, fi^, mRNA encoding stromelysin. and in particular, those 
mRNA targets disclosed in the accompanying tables, which Include both 

15 hammerhead and hairpin target sites. In each case the site is flanked by 
regions to which appropriate substrate binding arms can be synthesized and 
an appropriate hammerhead or hairpin motif can be added to provide 
enzymatic activity, by methods described herein and known in the art. For 
example, referring to Figure 1. arms I and III are modified to be specific 

20 substrate-binding arms, and arm 11 remains essentially as shown. 

Riborymes that cleave stromelysin mRNAs represent a novel therapeutic 
approach to arthritic disorders like osteoarthritis. The invention features use of 
ribozymes to treat osteoarthritis, by inhibiting the synthesis of 

prostromelysin molecule in synovial cells or by the inhibition of matrix 
25 metalloproteinases. Applicant indicates that ribozymes are able to inhibit the 
secretion of stromelysin and that the catalytic activity of the ribozymes is 
required for their inhibitory effect. Those of ordinary skill in the art. will find that 

it is clear from the examples described that other ribozymes that cleave 
stromelysin encoding mRNAs may be readily designed and are within the 
30 invention. 

In other related aspects, the invention features a mammalian cell which 
includes an enzymatic RNA molecule as described above. Preferably, the 
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mammalian cell is a human cell; and the invention features an expression 
vector which includes nucleic acid encoding an enzymatic RNA molecule 
described above, located in the vector, e.g. . In a manner which allows 
expression of that enzymatic RNA molecule within a mammalian cell; or a 
5 method for treatment of a disease or condition by administering to a patient an 
enzymatic RNA molecule as described above. 

The invention provides a class of chemical cleaving agents which exhibit 
a high degree of specificity for the mRNA causative of an arthritic condition. 
Such enzymatic RNA molecules can be delivered exogenously or 
10 endogenously to infected cells. In the preferred hammerhead motif the small 
size (less than 40 nucleotides, preferably between 32 and 36 nucleotides in 
length) of the molecule allows the cost of treatment to be reduced. 

The enzymatic RNA molecules of this invention can be used to treat 
arthritic or prearthritic conditions. Such treatment can also be extended to 
1 5 other related genes in nonhuman primates. Affected animals can be treated at 
the time of arthritic risk detection, or in a prophylactic manner. This timing of 
treatment will reduce the chance of further arthritic damage. 

In another aspect, the invention features novel nucleic acid-based 
techniques [e.g., enzymatic nucleic acid molecules (ribozymes), antisense 
20 nucleic acids. 2-5A antisense chimeras, triplex DNA. antisense nucleic acids 
containing RNA cleaving chemical groups (Cook et al.. U.S. Patent 
5.359,051)] and methods for their use to induce graft tolerance, to treat 
autoimmune diseases such as lupus, rtieumatoid arthritis, multiple sclerosis 
and to treatment of allergies. 

25 In a preferred embodiment, the invention features use of one or more of 

the nucleic acid-based techniques to induce graft tolerance by inhibiting the 
synthesis of B7-1 . B7-2. B7-3 and CD40 proteins. 

Those in the art will recognize the other potential targets, for e.g., ICAM-1 . 
VCAM-1. pi integrin (VLA4) are also suitable for treatment with the nucleic 
30 acid-based techniques described in the present invention. 
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By "inhibir is meant that the activity of 87-1, 87-2, 87-3 and/or CD40 or 
level of mRNAs encoded by 87-1, 87-2. 87-3 and/or CD40 is reduced below 
that observed in the absence of the nucleic acid. In one embodiment, 
inhibition with ribozymes preferably is below that level observed in the 
5 presence of an enzymatically inactive RNA molecule able to bind to the same 
site on the mRNA, but unable to cleave that RNA. 

8y -equivalent" RNA to 87-1, 87-2, 87-3 and/or CD40 is meant to include 
those naturally occurring RNA molecules associated with graft rejection in 
various animals, including human, mice, rats, rabbits, primates and pigs. 

By "antisense nucleic acid" is meant a non-enzymatic nucleic acid 
molecule that binds to another RNA (target RNA) by means of RNA-RNA or 
RNA-DNA or RNA-PNA (protein nucleic acid; Egholm et al.. 1993 Nature 365, 
566) interactions and alters the activity of the target RNA (for a review see 
Stein and Cheng, 1993 Science 26^, 1004). 

By "2-5A antisense chimera" is meant, an antisense oligonucleotide . 
containing a 5' phosphorylated 2*-5'-linked adenylate residues. These 
chimeras bind to target RNA in a sequence-specific manner and activate a 
cellular 2-5A-dependent ribonuclease which in turn cleaves the target RNA 
(Torrence et al., 1993 Proc, Nail, Acad. Set. USA 90. 1300). 

By 'triplex DNA* is meant an oligonucleotide that can bind to a double- 
stranded DNA in a sequence-specific manner to fomi a triple-strand helix. 
Triple-helix formation has been shown to inhibit transcription of the targeted 
gene (Duval-Valentin et al.. 1992 Proc. Natl. Acad. ScLUSA 89. 504). 

By "gene" is meant a nucleic acid that encodes an RNA. 

Ribozymes that cleave the specified sites in 87- 1. B7-2, B7-3 and/or 
CO40 mRNAs represent a novel therapeutic approach to induce graft 

tolerance and treat autoimmune diseases, allergies and other inflammatory 
conditions. Applicant indicates that ribozymes are able to inhibit the activity of 
87-1 , 87-2, 87-3 and/or CD40 and that the catalytic activity of the ribozymes is 
required for their inhibitory effect. Those of ordinary skill in the art. will find that 
it is clear from the examples described that other ribozymes that cleave these 
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sites in B7-1 , B7-2, B7-3 and/or CD40 mRNAs may be readily designed and 
are within the invention. 

In a preferred embodiment the invention provides a method for producing 
a class of enzymatic cleaving agents which exhibit a high degree of specificity 
5 for the RNA of a desired target. The enzymatic nucleic acid molecule is 
preferably targeted to a highly conserved sequence region of a target mRNAs 
encoding 87*1 , B7*2, B7*3 and/or CD40 proteins such that specific treatment 
of a disease or condition can be provided with either one or several enzymatic 
nucleic acids. Such enzymatic nucleic acid molecules can be delivered 
1 0 exogenously to specific cells as required. Alternatively, the ribozymes can be 
expressed from DNA/RNA vectors that are delivered to specific cells. 

Such ribozymes are useful for the prevention of the diseases and 
conditions discussed above, and any other diseases or conditions that are 
related to the levels of B7-1, B7-2. B7-3 and/or CD40 activity in a cell or tissue. 
15 By "related" is meant that the inhibition of B7-1, B7-2. B7-3 and/or CD40 
mRNAs and thus reduction in the level respective protein activity will relieve to 
some extent the symptoms of the disease or condition. 

Ribozymes are added directly, or can be compiexed with cationic lipids, 
packaged within liposomes, or othenvise delivered to target cells. The nucleic 

20 acid or nucleic acid complexes can be locally administered to relevant tissues 
ex vivo, or in vivo through injection, infusion pump or stent, with or without their 
incorporation in biopolymers. In preferred embodiments, the ribozymes have 
binding amis which are complementary to the sequences in Tables Bll, BIV, 
BVI, BVIII, BX. BXII. BXIV. BXV, BXVI, BXVII, BXVIII and BXIX. Examples of 

25 such ribozymes are shown in Tables Bill. BV. BVI, BVII. BIX, BXI. BXIII. BXIV. 
BXV, BXVI. BXVII. BXVIII and BXIX. Examples of such ribozymes consist 
essentially of sequences defined in these Tables. 

In another aspect of the invention, ribozymes that cleave target 
molecules and Inhibit B7-1. 87-2, B7-3 and/or CD40 activity are expressed 
30 from transcription units inserted into DNA or RNA vectors. The recombinant 
vectors are preferably DNA plasmids or viral vectors. Ribozyme expressing 
viral vectors could be constructed based on. but not limited to, adeno- 
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associated virus, retrovirus, adenovirus, or alphavirus. Preferably, the 
recombinant vectors capable of expressing the ribozymes are delivered as 
described above, and persist in target cells. Alternatively, viral vectors may be 
used that provide for transient expression of ribozymes. Such vectors might be 
5 repeatedly administered as necessary. Once expressed, the ribozymes 
cleave the target mRNA. Delivery of ribozyme expressing vectors could be 
systemic, such as by intravenous or intramuscular administration, by 
administration to target cells ex-planted from the patient followed by 
reintroduction into the patient, or by any other means that would allow for 
1 0 introduction into the desired target cell. 

Other features and advantages of the invention will be apparent from the 
following description of the preferred embodiments thereof, and from the 
claims. 



^5 Description of the Preferred Embodiments 

The drawings will first briefly be described. 
Drawings 

Figure 1 is a diagrammatic representation of the hammerhead ribozyme 
domain known in the art. Stem II can be ^ 2 base-pairs long. 

20 Figure 2a is a diagrammatic representation of the hammerhead ribozyme 

domain known in the art; Figure 2b is a diagrammatic representation of the 
hammertiead ribozyme as divided by Uhlenbeck (1987, A/a fare. 327, 596-600) 
into a substrate and enzyme portion; Figure 2c is a similar diagram showing 
the hammertiead divided by Haseloff and Geriach (1988. Nature , 334, 585- 

25 591) into two portions; and Figure 2d is a similar diagram showing the 
hammerhead divided by Jeffries and Symons (1989, NucL Acids. Res. . 17, 
1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general structure of a 
hairpin ribozyme. Helix 2 (H2) is provided with a least 4 base pairs (/.e., n is 
30 1 , 2, 3 or 4) and helix 5 can be optionally provided of length 2 or more bases 
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(preferably 3 • 20 bases, Le„ m is from 1 - 20 or more). Helix 2 and helix 5 
may be covalently linked by one or more bases {i.e., r Is ^ 1 base). Helix 1, 4 
or 5 may also be extended by 2 or more base pairs {e.g., 4 • 20 base pairs) to 
stabilize the ribozyme structure, and preferably is a protein binding site. In 
5 each instance, each N and N' independently is any normal or modified base 
and each dash represents a potential base^pairing interaction. These 
nucleotides may be modified at the sugar, base or phosphate. Complete base- 
pairing is not required in the helices, but is preferred. Helix f and 4 can be of 
any size {i.e., o and p is each independently from 0 to any number, e.g.. 20) as 

10 long as some base-pairing is maintained. Essential bases are shown as 
specific bases in the structure, but those in the art will recognize that one or 
more may be modified chemically (abasic. base, sugar and/or phosphate 
modifications) or replaced with another base without significant effect. Helix 4 
can be formed from two separate molecules, i.e., without a connecting loop. 

15 The connecting loop when present may be a ribonucleotide with or without 
modifications to its base, sugar or phosphate. 'q' is > 2 bases. The 
connecting loop can also be replaced with a non-nucleotide linker molecule. 
H , refers to bases A, U or C. Y refers to pyrimidine bases, " - " refers to a 
chemical bond. 

20 Figure 4 is a representation of the general structure of the hepatitis delta 

virus ribozyme domain known in the art. 

Figure 5 is a representation of the general structure of the self-cleaving 
VS RNA ribozyme domain. 

Figure 6 Is a schematic representation of an RNaseH accessibility assay. 
25 Specifically, the left side of Figure 6 is a diagram of complementary ONA 
oligonucleotides bound to accessible sites on the target RNA. 
Complementary ONA oligonucleotides are represented by broad lines labeled 
A. B, and C. Target RNA is represented by the thin, twisted line. The right side 
of Figure 6 is a schematic of a gel separation- of uncut target RNA from a 

30 cleaved target RNA. Detection of target RNA is by autoradiography of body- 
labeled, T7 transcript. The bands common to each lane represent uncleaved 
target RNA; the bands unique to each lane represent the cleaved products. 
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Figure 7 shows in vitro cleavage of stromelysin mRNA by HH ribozymes. 

Figure 8 shows inhibiUon of stromelysin expression by 21 HH ribozyme in 
HS-27 fibroblast cell line. 

Figure 9 shows inhibition of stromelysin expression by 463HH ribozyme 
5 in HS-27 fibroblast cell line. 

Figure 10 shows inhibition of stromelysin expression by 1049HH 
ribozyme in HS-27 fibroblast cell line. 

Figure 11 shows inhibition of stromelysin expression by 1366HH 
ribozyme in HS-27 fibroblast cell line. 

10 Figure 12 shows inhibition of stromelysin expression by 1410HH 

ribozyme in HS-27 fibroblast cell line. 

Figure 13 shows inhibition of stromelysin expression by 1489HH 
ribozyme in HS-27 fibroblast cell line. 

Figure 14 shows 1049HH ribozyme-mediated reduction in the level of 
1 5 stromelysin mRNA in rabbit knee. 

Figure 15 shows 1049HH ribozyme-mediated reduction in the level of 
stromelysin mRNA in rabbit knee. 

Figure 16 shows 1049HH ribozyme-mediated reduction in the level of 
stromelysin mRNA in rabbit knee. 

20 Figure 17 shows the effect of phosphorothioate substitutions on the 

catalytic activity of 1049 2*-C-allyl HH ribozyme. A) diagrammatic 
representation of 1049 hammerhead ribozyme«substrate complex. 1049 U4- 
C-allyl P=S ribozyme represents a hammartiead containing ribose residues at 
five positions. The remaining 31 nucleotide positions contain 2'-hydroxyl 

J5 group substitutions, wherein 30 nucleotides contain 2 -O-methyl substitutions 
and one nucleotide (U4) contains 2'-C-alIyi substitution. Additionally, five 
nucleotides within the ribozyme. at the 5' and 3' termini, contain 
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phosphorothioate substitutions. B) shows the ability of ribozyme described in 
Fig. 17A to decrease the level of strometysin RNA in rabbit knee. 

Figure 18 is a diagrammatic representation of chemically modified 
ribozymes targeted against stromelysin RNA. 1049 2'-amino P=S Ribozyme 
5 represents a hammerhead containing ribose residues at five positions. The 
remaining 31 nucleotide positions contain 2'-hydroxyl group substitutions, 
wherein 29 nucleotides contain 2*-0-methyl substitutions and two nucleotides 
(U4 and U7) contain 2'-amino substitution. Additionally, the 3' end of this 
ribozyme contains a 3*-3* linked inverted T and four nucleotides at the 5* 
1 0 temiini contain phosphorothioate substitutions. Arrow-head indicates the site 
of RNA cleavage (site 1049). 1363 2 -Amino P=S, Human and Rabbit 1366 2'- 
Amino P=S ribozymes are identical to the 1049 2'-amino P=S ribozyme 
except that they are targeted to sites 1363 and 1366 within stromelysin RNAs. 

Figure 19 shows 1049 2 -amino P=S ribozyme-mediated reduction in the 
1 5 level of stromelysin mRNA in rabbit knee. 

Figi.iro 20 shows 1363 2'-amino P=S ribozyme-mediated reduction in the 
level of tliomelysin mRNA in rabbit knee. 

Figure 21 shows 1366 2'-amino P=S ribozyme-mediated reduction in the 
level of stromelysin mRNA in rabbit knee. 

20 Figures 22a-d are diagrammatic representations of non-limiting 

examples of base modifications for adenine, guanine, cytosine and uracil, 
respectively. 

Figure 23 is a diagrammatic representation of a position numbered 
hammerhead ribozyme (according to Hertel et aL, Nucleic Acids Res, 1992, 
25 20:3252) showing specific substitutions in the catalytic core and substrate 
binding amns. Compounds 4, 9, 13, 17, 22 and 23 are described in Fig. 24. 

Figure 24 is a diagrammatic representation of various nucleotides that 
can be substituted in the catalytic core of a hammerhead ribozyme. 

Figure 25 is a diagrammatic representation of the synthesis of a 
30 ribothymidine phosphoramidite. 
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Figure 26 is a diagrammatic representation of the synthesis of a 
5-methylcytidine phosphoramldite. 

Figure 27 is a diagrammatic representation of the synthesis of 
5-bromouridlne phosphoramldite. 

5 Figure 28 is a diagrammatic representation of the synthesis of 

e-azaurldlne phosphoramldite. 

Figure 29 Is a diagrammatic representation of the synthesis of 
2.6-diaminopurjne phosphoramldite. 

Figure 30 is a diagrammatic representation of the synthesis of a 
10 6-methyluridlne phosphoramldite. 

Figure 31 is a representation of a hammerhead ribozyme targeted to site 
A (HH-A). Site of 6-methyl U substitution is indicated. 

Figure 32 shows RNA cleavage reaction catalyzed by HH-A ribozyme 
containing 6-methy( U-substitution (6-methyl-U4). U4. represents a HH-A 
1 5 ribozyme containing no 6-methyHJ substitution. 

Figure 33 is a representation of a hammerhead ribozyme targeted to site 
B (HH-B). Sites of 6-methyl U substitution are indicated. 

Figure 34 shows RNA cleavage reaction catalyzed by HH-B ribozyme 
containing 6-methyl U-substitutlons at U4 and U7 positions (6-methyl-U4). U4, 
20 represents a HH-B ribozyme containing no 6-methyl-U substitution. 

Rgure 35 Is a representation of a hammerhead ribozyme targeted to site 
C (HH-C). Sites of 6-methyl U substitution are indicated. 

Figure 36 shows RNA cleavage reaction catalyzed by HH-C ribozyme 
containing 6-methyl U-siibstitutlons at U4 and U7 positions (6-melhy|.U4). U4. 
IS represents a HH-C ribozyme containing no 6-methyl-U substitution. 

Figure 37 shows 6-methyl-U-substituted HH-A ribozyme-mediated 
Inhibition of rat smooth muscle cell proliferation. 
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Figure 38 shows 6-methyl-U-substituted HH-C ribozyme-mediated 
inhibition of stromelysin protein production in human synovial fibroblast cells. 

Figure 39 is a diagrammatic representation of the synthesis of pyridin-2- 
one nucleoside and pyridin-4-one nucleoside phosphoramidite. 

5 Figure 40 is a diagrammatic representation of the synthesis of 2-0-f- 

Butyldimethylsilyl-5-0-dimethoxytrityl-3-0(2-cyanoethyl-A/,/V-. 
diisopropylphosphoramldite)-1 -deoxy-1 -phenyl-b-D-ribofuranose 
phosphoramidite. 

Figure 41 is a diagrammatic representation of the synthesis of 
10 pseudouridine. 2.4.6-trimethoxy benzene nucleoside and 3-methyluridine 
phosphoramidite. 

Figure 42 is a diagrammatic representation of the synthesis of 
dihydrouridine phosphoramidite. 

Figure 43 A) if diagrammatic representation of a hammerhead ribozyme 
15 targeted to site . B) shows RNA cleavage reaction catalyzed by 
hammerhead ribozyme with modified base substitutions at either position 4 or 
position 7. 

Figure 44 shows further kinetic characterization of RNA cleavage 
reactions catalyzed by HH-B ribozyme (A); HH-B with pyridin-4-one 
20 substitution at position 7 (B); and HH-B with phenyl substitution at position 7 
(C). 

Figure 45 is a diagrammatic representation of the synthesis of 2-0-f- 
Butyldimethylsilyl-5-0-Dimethoxytrityl-3-0-(2-Cyanoethyl-/V,/V. 
diisopropylphosphoramidite)-1-Deoxy>1-Naphthyl-p-D-Ribofuranose. 

25 Figure 46 is a diagrammatic representation of the synthesis of Synthesis 

of 2-0-/-Butyldimethylsllyl-S-0-Dimethoxytrityi-3-0-(2-Cyanoethyl-A/,/V. 
diisopropylphosphoramidite)-1-Deoxy-1-(p-Aminophenyl).p-D-Ribofuranose. 
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Figure 47 is a diagrammatic representation of a position numbered 
hammerhead ribozyme (according to Hertel ef a/. Nucleic Acids Res. 1992, 
20, 3252) showing specific substitutions. 

Figure 48 shows the structures of various 2'-alkyl modified nucleotides 
which exemplify those of this invention. R groups are alkyi groups, Z is a 
protecting group. 

Figure 49 is a diagrammatic representation of the synthesis of 2'-C-allyl 
uridine and cytidine. 

Figure 50 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-difluoromethylene uridine. 

Figure 51 is a diagrammatic representation of the synthesis of 2*-C- 
methylene and 2'-C-difluoromethylene cytidine. 

Figure 52 is a diagrammatic representation of the synthesis of 2*-C- 
methylene and 2'-C-difluoromethyiene adenosine. 

Figure 53 is a diagrammatic representation of the synthesis of 2'-C- 
carboxymethylidlne uridine, 2'-C-methoxycarboxymethylidine uridine and 
derivatized amidites thereof. X Is CH3 or alkyI as discussed above, or another 
substituent. 

Figure 54 is a diagrammatic representation of the synthesis of 2*-C-allyl 
uridine and cytidine phosphoramidites. 

Figure 55 is a diagrammatic representation of the synthesis of 2-0- 
alkylthioalkyl nucleosides or non-nucleosides and their phosphoramidites. R 
is an alkyl as defined above. B is any naturally occuring or modified base 
bearing any N-protectlng group suitable for standard oligonucleotide 
synthesis (Usman et al., supra; Scaringe et al.. supra), and/or H (non- 
nucleotide). as described by the publications discussed above. CE is 
cyanoethyl, DMT is a standard blocking group. Other abbreviations are 
standard in the art. 
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Figure 56 is a diagrammatic representation of a hammerhead ribozyme, 
targeted to site B (HH-B), containing 2*-0-methylthiomethyl substitutions. 

Figure 57 shows RNA cleavage activity catalyzed by 2'-0- 
methylthiomethyl substituted ribozymes. A plot of percent cleaved as a 

5 function of time is shown. The reactions were carried out at 37X in the 
presence of 40 nM ribozyme, 1 nM substrate and 10 mM MgCl2. Control HH- 
B ribozyme contained the following modifications; 29 positions were modified 
with 2'-0-methyl, U4 and U7 positions were modified with 2'-amino groups. 5 
positions contained 2'-OH groups. These modifications of the control 

10 ribozyme have previously been shown not to significantly effect the activity of 
the ribozyme (Usman et al., 1994 Nucleic Acids Symposium Series 31. 163). 

Rgure 58 is a diagrammatic representation of the synthesis of an abasic 
deoxyribose or ribose non-nucleotide mimetic phosphoramidite. 

Figure 59 is a diagrammatic representation of a hammerhead ribozyme 
1 5 targeted to site B (HH-B). Arrow indicates the cleavage site. 

Figure 60 is a diagrammatic representation of HH-B ribozyme containing 
abasic substitutions (HH-8a) at various positions, Ribozymes were 
synthesized as described in the application. "X" shows the positions of abasic 
substitutions. The abasic substitutions were either made individually or in 
20 certain combinations. 

Figure 61 shows the in vitro RNA cleavage activity of HH-B and HH-Ba 
ribozymes. All RNA, refers to HHA ribozyme containing no abasic substitution. 
U4 Abasic, refers to HH-Ba ribozyme with a single abasic (ribose) substitution 
at position 4, U7 Abasic, refers to HH-Ba ribozyme wKh a single abasic 
25 (ribose) substitution at position 7. 

Figure 62 shows in vitro RNA cleavage activity of HH-B and HH-Ba 
ribozymes. Abasic Stem II Loop, refers to HH-Ba ribozyme with four abasic 
(ribose) substitutions within the loop in stem II. 
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Figure 63 shows in vitro RNA cleavage activity of HH-B and HH-Ba 
ribozymes. S'-lnverted Deoxyribose, refers to HH«Ba ribozyme with an 
inverted deoxyribose (abasic) substitution at its 3' termini. 

Figure 64 is a diagrammatic representation of a hammerhead ribozyme 
5 targeted to site A (HH-A). Target A is involved in the proliferation of 
mammalian smooth muscle cells. Arrow indicates the site of cleavage. 
Inactive version of HH-A contains 2 base-substitutions (G5U and A15.1U) that 
renders the ribozyme catalytically inactive. 

Figure 65 is a diagrammatic representation of HH-A ribozyme with abasic 
10 substitution (HH-Aa) at position 4. X. shows the position of abasic substitution. 

Figure 66 shows ribozyme-mediated inhibition of rat aortic smooth 
muscle cell (RASMC) proliferation. Both HH-A and HH-Aa ribozymes can 
inhibit the proliferation of RASMC in culture. Catalytically inactive HH-A 
ribozyme shows inhibition which is significantly lower than active HH-A and 
15 HH-Aa ribozymes. 

Figure 67 is a schematic representation uf a two pot deprotection 
protocol with ethylamine (EA). 

Figure 68 shows a strategy used in synthesizing a hammerhead 
ribozyme from two halves. X and Y represent reactive moieties that can 
20 undergo a chemical reaction to fonn a covalent bond (represented by the solid 
curved line). 

Figure 69 shows various non-limiting examples of reactive moieties that 
can be placed in the nascent loop region to form a covalent bond to provide a 
full-length ribozyme. CHg can be any linking chain as described above 
25 including groups such as methylenes, ether, ethylene glycol, thtoethers. 
double bonds, aromatic groups and others; each n independently is an integer 

from 0 to 10 inclusive and may be the same or different; each R independently 
is a proton or an alkyl, alkenyl and other functional groups or conjugates such 
as peptides, steroids, hoemones, lipids, nucleic acid sequences and others 
30 that provides nuclease resistance, improved cell association, improved 
cellular uptake or interacellular localization. 
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Figure 70 shows non-limiting examples of covalent bonds that can be 
fomied to provide the full length riboryme. The morpholino group arises from 
reductive reaction of a dialdehyde, which arises from oxidative cleavage of a 
ribose at the 3'-end of one half ribozyme with an amine at the 5'-end of the half 
5 riboryme. The amide bond is produced when an acid at the 3'-end of one half 
ribozyme Is coupled to an amine at the 5'-end of the other half ribozyme. 

Figure 71 shows non-limiting examples of three ribozymes that were 
synthesized from coupling reactions of two halves. All three were targeted to 
the she A of c-myb RNA (HH-A). HH-A1 was fomied from the reaction of two 
10 thiols to provide the disulfide linked ribozyme. HH-A2 and HH-A3 were 
fomied using the morpholino reaction. HH-A2 contains a five atom spacer 
linking the terminal amine to the 5'-end of the half ribozyme. HH-A3 contains 
a six cartjon spacer linking the tenninal amine to the 5*-end of the half 
ribozyme. 

15 Figure 72 shows comparative cleavage activity of half ribozymes. 

containing five and six base pair stem II regions, that are not covaiently linked 
vs a full length ribozyme. Assays were c rried out under ribozyme excess 
conditions. 

Figure 73 shows comparative cleavage activity of half ribozymes, 
20 containing seven and eight base pair stem II regions, that are not covaiently 
linked vs a full length ribozyme. Assays were carried out under ribozyme 
excess conditions. 

Figure 74 shows comparative cleavage assay of HH-A1 , HH-A2 and HH- 
A3 (see Figure 72) fomied from crosslinking reactions vs a full length ribozyme 
25 control. Assays were carried out under ribozyme excess conditions. 

Figure 75. Schematic representation of RNA polymerse III promoter 
structure. Arrow indicates the transcription start site and the direction of 
coding region. A. B and C. refer to consensus A. B and C box promoter 
sequences. I, refers to intemiediate cis-acting promoter sequence. PSE. 
30 refers to proximal sequence element. DSE. refers to distal sequence element. 
ATF. refers to activating transcription factor binding element. ?, refers to cis- 
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acting sequence element that has not been fully characterized; EBER. 
Epstein-Barr-virus-encoded-RNA. TATA is a box well known in the art. 

Rgure 76 is a general formula for pol III RNA of this invention. 

Figure 77 Is a diagrammatic representation of a U6-S35 Chimera. The 
5 S35 motif and the site of insertion of a desired RNA are indicated. This 
chimeric RNA transcript is under the control of a U6 small nuclear RNA 
(snRNA) promoter. 

Figure 78 is a diagrammatic representation of a U6-S35-ribozyme 
chimera. The chimera contains a hammerhead ribozyme targeted to site I 
10 (HHI). 

Figure 79 is a diagrammatic representation of a U6-S35-ribozyme 
chimera. The chimera contains a hammertiead ribozyme targeted to site II 
(HHII). 

Figure 80 shows RNA cleavage reaction catalyzed by a synthetic 
15 hammerhead ribozyme (HHI) and by an in vitro transcript of U6-S35-HHI 
hammerhead ribozyme. 

Figure 81 shows stability of U6-S35-HHII RNA transcript in 293 
mammalian cells as measured by actinomycin D assay. 

Figure 82 is a diagrammatic representation of an adenovims VA1 RNA. 
20 Various domains within the RNA secondary structure are indicated. 

Figure 83 A shows a secondary structure model of a VA1-S35 chimeric 
RNA containing the promoter elements A and B box. The site of insertion of a 
desired RNA and the S35 motif are Indicated. The transcription unit also 
contains a stable stem (S35-like motif) in the central domain of the VA1 RNA 
25 which positions the desired RNA away from the main transcript as an 
independent domain. 83B shows a VA1 -chimera which consists of the 
temiinal 75 nt of a VA1 RNA followed by the HHI ribozyme. 

Figure 84 shows a comparison of stability of VAI-chimeric RNA vs VA1- 
S35-chimeric RNA as measured by actinomycin D assay. VA1 -chimera 
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consists of terminal 75 nt of VA1 RNA followed by HHI ribozyme. VA1-S35- 
chimera structure and sequence is shown in Figure 83. 

Ribozyme? 

Ribozymes in one aspect of this invention block to some extent 
5 stromelysin expression and can be used to treat disease or diagnose such 
disease* Ribozymes are delivered to cells in culture and to cells or tissues in 
animal models of osteoarthritis (Hembry et a!., 1993 Am. J. Pathol. 143. 628). 
Ribozyme cleavage of stromelysin encoding mRNAs in these systems may 
prevent inflammatory cell function and alleviate disease symptoms. 

10 Other ribozymes of this invention block to some extent B7-1, B7-2, B7-3 

and/or C040 production and can be used to treat disease or diagnose such 
disease. Ribozymes will be delivered to cells in culture, to cells or tissues in 
animal models of transplantation, autoimmune diseases and/or allergies and 
to human cells or tissues ex wVo or \n wVo. Ribozyme cleavage of 87-1 , B7-2 

15 and/or CD40 encoded mRNAs in these systems may alleviate disease 
symptoms. 

Target si<e^ 

Targets for useful ribozymes can be determined as disclosed in Draper et 
a! supra. Sullivan et al., supra , as well as by Draper et al., WO 95/13380 and 

20 Stinchcomb et al WO 95/23225. Rather than repeat the guidance provided in 
those documents here, below are provided specific examples of such 
methods, not limiting to those in the art. Ribozymes to such targets are 
designed as described in those applications and synthesized to be tested in 
vitro and in vivo, as also described. Such ribozymes can also be optimized 

25 and delivered as described therein. While specific examples to mouse, rabbit 
and other animal RNA are provided, those in the art will recognize that the 
equivalent human RNA targets described can be used as described below. 

Thus, the same target may be used, but binding arms suitable for targeting 
human RNA sequences are present in the ribozyme. Such targets may also 
30 be selected as described below. 
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The sequence of human and rabbit stromelysin mRNA were screened for 
accessible sites using a computer folding algorithm. Potential hammerhead or 
hairpin ribozyme cleavage sites were Identified. These sHes are shown in 
Tables All, AIM, AlV, AVI. AVIII and AIX (All sequences are 5* to 3' in the 
5 tables.). While rabbit and human sequences can be screened and ribozymes 
thereafter designed, the human targeted sequences are of most utility. 
However, rabbit targeted ribozymes are useful to.test efficacy of action of the 
ribozyme prior to testing in humans. The nucleotide base position is noted in 
the Tables as that site to be deaved by the designated type of ribozyme. 

Similarly, the sequence of human and mouse B7-1 , B7-2, B7-3 and/or 
CD40 mRNAs were screened for optimal ribozyme target sites using a 
computer folding algorithm. Hammertiead or hairpin ribozyme cleavage sites 
were identified. These sites are shown in Tables 811. BIV. BVI. BVIII, BX, BXII. 
BXIV. BXV. BXVI, BXVII. BXVIII and BXIX (All sequences are 5' lo 3' in the 
tables) The nucleotide base position is noted in the Tables as that site to be 
cleaved by the designated type of ribozyme. While mouse and human 
sequences can be screened and ribozymes thereafter designed, the human 
targeted sequences are of most utility. However, mouse targeted ribozymes 
may be useful to test efficacy of action of the ribozyme prior to testing in 
humans. The nucleotide base position is noted in the Tables as that site to be 
cleaved by the designated type of ribozyme. 

Hammertiead or hairpin ribozymes are designed that could bind and are 
individually analyzed by compuier folding (Jaeger et al.. 1989 Proc. Natl. 
Acgd. Sci . USA . 86. 7706-771 0) to assess whether the ribozyme sequences 
fold into the appropriate secondary structure. Those ribozymes with 
unfavorable intramolecular interactions between the binding amis and the 
catalytic core are eliminated from consideration. Varying binding ami lengths 
can be chosen to optimize activity. Generally, at least 5 bases on each arm 
are able to bind to. or othenvise interact with, the target RNA. 

Referring to Rgure 6. mRNA is screened for accessible cleavage sites by 
the method described generally in Draper WO 93/23569. Briefly. ON A 
oligonucleotides representing potential hammerhead or hairpin ribozyme 
cleavage sites are synthesized. A polymerase chain reaction is used to 
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generate a substrate for T7 RNA polymerase transcription from human or 
rabbit stromelysin cDNA clones. Labeled RNA transcripts are synthesized in 
vitro from the two templates. The oligonucleotides and the labeled transcripts 
are annealed, RNaseH is added and the mixtures are incubated for the 
5 designated times at ST^'C. Reactions are stopped and RKIA separated on 
sequencing polyacrylamide gels. The percentage of the substrate cleaved is 
determined by autoradiographic quantitation using a Phosphorlmaging 
system. From these data, hammertiead ribozyme sites are chosen as the most 
accessible. 

1 0 Ribozymes of the hammertiead or hairpin motif are designed to anneal to 

various sites in the mRNA message. The binding amis are complementary to 
the target site sequences described above. The ribozymes are chemically 
synthesized. The method of synthesis used follows the procedure for nonmal 
RNA synthesis as described in Usman et al., 1987 J. Am. Chem. Soc. 109, 

15 7845-7854 and in Scaringe et al.. 1990 Nucleic Acids Res.. 18. 5433-5441; 
Wincott et al, 1995 Nucleic Acids Res. .23. 2677. and makes use of common 
nucleic acid protecting and coupling groups, such as dimethoxytrityl at the 5'- 
end, and phosphoramidites at the 3'-end. The average stepwi<^e coupling 
yields were >98%. Inactive ribozymes were synthesized by substituting a U 

20 for Gs and a U for Au (numbering from Hertel et al.. 1992 Nucleic Acids Res. . 
20, 3252) . Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the ;=*ctive ribozyme (Chowrira and Buri<e, 1992 Nucleic Acids 
Res-- 20. 2835-2840). All ribozymes are modified extensively to enhance 
stability by modification with nuclease resistant groups, for example. 2 -amino. 

25 2*-C-allyl. 2'-flouro. 2*-Omethyl, 2'-H (for a review see Usman and Cedergren. 
1992 TIBS 17, 34 and Beigelman et at,, 1995 J. Biol. Chem. 270. 25702). 
Ribozymes are purified by gel electrophoresis using general methods or are 
purified by high pressure liquid chromatography (HPLC; See Stinchcomb et 
al. suora) and are resuspended in water. 

30 The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables AV, AVIl, AVIII and AIX and in Tables Bill. BV. BVI. 
BVII, BIX. BXI. BXIII. BXIV. BXV, BXVI. BXVII. BXVIII and BXIX. Those in the art 
will recognize that these sequences are representative only of many more 
such sequences where the enzymatic portion of the ribozyme (all but the 
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binding anms) is altered to affect activity. For example, stem loop II sequence 
of hammerhead rlbozymes listed in Tables AV and AVIl (5'- 
GGCCGAAAGGCC-3') can be altered (substitution, deletion and/or insertion) 
to contain any sequence provided, a minimum of two base-paired stem 
5 structure can fomn. Similarly, stem-loop AlV sequence of hairpin ribozymes 
listed in Tables AVI and AVIl (5'-CACGUUGUQ.3*) can be altered 
(substitution, deletion and/or insertion) to contain any sequence provided, a 
minimum of two base-paired stem structure can form. The sequences listed in 
Tables AV. AVIl, AVIII and AIX may be formed of ribonucleotides or other 
10 nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

Optimizing Rlbogyme Activity 

Ribozyme activity can be optimized as described by Stinchcomb et al„ 
SUEia. The details will not be repeated here, but include altering the length of 

15 the ribozyme binding arms (stems I and III, see Figure 2c), or chemically 
synthesizing ribozymes with modifications that prevent their degradation by 
serum ribonucleases (see e.g., Eckstein et aL, International Publication No. 
WO 92/07065; Perrault et al., 1990 Nature 344, 565; Pieken et al., 1991 
Sciencg 253, 314; Usman and Cedergren. 1992 Trends in Biochem. Sci. 17, 

20 334; Usman et al., Intematronal Publication No. WO 93/15187; and Rossi et 
aL. Intemational Publication No. WO 91/03162, as well as Stinchcomb et a!.. 
gUPra, Sproat. European Patent Application 92110298.4 and U.S. Patent 
5,334,71 1; Jennings et al.. WO 94/13688 and Beigelman et aL, suora which 
describe various chemical modifications that can be made to the sugar 

25 moieties of enzymatic RNA molecules). Modifications which enhance their 
efficacy in cells, and removal of stem II bases to shorten RNA synthesis times 
and reduce chemical requirements. 

Sullivan, et al.. siADIA, describes the general methods for delivery of 
enzymatic RNA molecules. Ribozymes may be administered to cells by a 
30 variety of methods known to those familiar to the art, including, but not 
restricted to. encapsulation in liposomes, by iontophoresis, or by 
incorporation into other vehicles, such as hydrogels, cyclodextrins. 
biodegradable nanocapsules, and bioadhesive microspheres. For some 



wo 96/18736 



PCTyiJS95/lS5I6 



indications, ribozymes may be directly delivered ex vivo to cells or tissues with 
or without the aforementioned vehicles. Alternatively, the RNA/vehicle 
combination is locally delivered by direct inhalation, by direct injection or by 
use of a catheter, infusion pump or stent. Other routes of delivery include, but 
5 are not limited to, intravascular, intramuscular, subcutaneous or joint injection, 
aerosol inhalation, oral (tablet or pill form), topical, systemic, ocular, 
intraperitoneal and/or intrathecal delivery. More detailed descriptions of 
ribozyme delivery and administration are provided in Sullivan et al., supra 
and Draper et al.. supra which have been incorporated by reference herein. 

10 In another preferred embodiment, the ribozyme is administered to the site 

of B7-1. B7-2. B7-3 and/or CD40 expression (APC) in an appropriate 
liposomal vesicle. APCs isolated from donor (for example) are treated with the 
ribozyme preparation (or other nucleic acid therapeutics) ex vivo and the 
treated cells are infused into recipient. Alternatively, cells, tissues or organs 

15 are directly treated with nucleic acids of the present invention prior to 
transplantation into a recipient. 

Another means of accumulating high concentrations of a ribozyme(s; 
within cells is to incorporate the ribozyme-encoding sequences into a DNA 
expression vector. Transcription of the ribozyme sequences are driven from a 

20 promoter for eukaryotic RNA polymerase I (pol I), RNA polymerase II (pol II). or 
RNA polymerase III (pol III). Transcripts from pol II or pel III promoters will be 
expressed at high levels in all cells; the levels of a given pol II promoter in a 
given cell type will depend on the nature of the gene regulatory sequences 
(enhancers, silencers, etc.) present nearby. Prokaryotic RNA polymerase 

25 promoters are also used, providing that the prokaryotic RNA polymerase 
enzyriie is expressed in the appropriate cells (Elroy-Stein and Moss, 1990 
Proc. Natl. Acad. Scl. USA. 87, 6743-7; Gao and Huang 1993 Nucleic Acids 
Res.. 21.2867-72: Lieber et al.. 1993 Methods Enzvmol .. 217,47-66; Zhou et 
aL, 1990 MoL Cell. Biol.. 10. 4529-37). Several investigators have 

30 demonstrated that ribozymes expressed from such promoters can function in 
mammalian cells (e.g. Kashani-Sabet et al.. 1992 Antisense Res. Dev. . 2, 3- 
15; Ojwang etal.. 1992 Proc. Natl. Acad. Sci. USA. 89. 10802-6; Chen et 
al.. 1992 Nucleic Acids Res. . 20, 4581-9; Yu et al., 1993 Proc. Natl. Acad. Sci. 
USA . 90. 6340-4; L'Huillier et al.. 1992 EMBO J. 11, 441 1-8; Lisziewicz et 
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aL. 1993 Proc, Natl. Acad. Sci. U. .9 A 90, 800(M; Thompson et al., sms)- 
The above ribozyme transcription units can be incorporated into a variety of 
vectors for introduction into mammalian cells, including but not restricted to, 
plasmid DNA vectors, viral DNA vectors (such as adenovirus or adeno- 
5 associated vectors), or viral RNA vectors (such as retroviral or alphavirus 
vectors). 

In a preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves stromelysin RNA is inserted into a plasmid 
DNA vector or an adenovirus DNA virus or adeno-associated virus (AAV) 

10 vector. Both viral vectors have been used to transfer genes to the lung and 
both vectors lead to transient gene expression (Zabner et al., 1993 Qeti 75. 
207; Carter, 1992 Curr. OdI. Biotech 3, 533). The adenovirus vector is 
delivered as recombinant adenoviral particles. The DNA may be delivered 
alone or complexed with vehicles (as described for RNA above). The 

1 5 recombinant adenovirus or AAV particles are locally administered to the site of 
treatment, e^ through incubation or inhalation in vivo or by direct application 
to cells or tissues ex vivo. 

Specifically useful modifications, optimization and synthetic methods will 
now be described. 

20 Base Modifications 

The following discussion of relevant art is dependent on the diagram 
shown in Figure 1, in which the numbering of various nucleotides in a 
hammerhead ribozyme is provided. 

Odal etaL, FEBS 1990, 2671150, state that substitution of guanosine (G) 
25 at position 5 of a hammerhead ribozyme for inosine greatly reduces catalytic 
activity, suggesting "the importance of the 2-amino group of this guanosine for 
catalytic activity." 

Fu and McLaughlin, Proc. Natl. Acad. Sci. (USA) 1992. 89:3985. state 
that deletion of the 2-amino group of the guanosine at position 5 of a 
30 hammerhead ribozyme, or deletion of either of the 2'-hydroxyl groups at 



wo 96/18736 



PCTAJS9S/1SS16 



36 

position 5 or 8, resulted in ribozymes having a decrease in cleavage 
efficiency. 

Fu and McLaughlin, Biochemistry 1992, 37:10941, state that substitution 
of 7-deazaadenosine for adenosine residues in a hammerhead ribozyme can 
5 cause reduction in cleavage efficiency. They state that the "results suggest 
that the N^-nitrogen of the adenosine (A) at position 6 in the hammertiead 
ribozyme/substrate complex is critical for efficient cleavage activity." They go 
on to indicate that there are five critical functional groups located within the 
tetrameric sequence GAUG in the hammerhead ribozyme. 

10 Slim and Gait. 1992. BBRC 183. 605. state that the substitution of 

guanosine at position 12. in the core of a hammerhead ribozyme. with inosine 
inactivates the ribozyme. 

TuschI et at., 1993 Biochemistry 32, 11658, state that substitution of 
guanosine residues at positions 5. 8 and 12. in the catalytic core of a 
15 hammerhead, with inosine, 2-aminopurine. xanthosine, isoguanosine or 
deoxyguanosine cause significant reduction in the catalytic efficiency of a 
hammerhead ribozyme. 

Fu ef a/., 1993 Biochemistry 32, 10629, state that deletion of guanine N^, 
guanine or the adenine NS-nitrogen within the core of a hammerhead 
20 ribozyme causes significant reduction in the catalytic efficiency of a 
hammerhead ribozyme. 

Grasby et aL, 1993 Nucleic Acids Res. 21. 4444. state that substitution of 
guanosine at positions 5. 8 and 12 positions within the core of a hammerhead 
ribozyme with O^-methyiguanosine results in an approximately 75-fold 
25 reduction in kcat- 

Seela et al., 1993 Helvetica Chimica Acta 76, 1809, state that substitution 
of adenine at positions 13. 14 and IS. within the core of a hammerhead 
ribozyme, with 7-deazaadenosine does not significantly decrease .the catalytic 
efficiency of a hammerhead ribozyme. 
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Adams etal., 1994 Tetrahedron Letters 35, 765, state that substitution of 
uracil at position 17 within the hammerhead ribozyme*substrate complex with 
4-thiouridine results in a reduction in the catalytic efficiency of the ribozyme by 
50 percent. 

5 Ng et ai, 1994 Biochemistry 33, 121 19, state that substitution of adenine 

at positions 6, 9 and 13 within the catalytic core of a hammerhead ribozyme 
with isoguanosine. significaritly decreases the catalytic activity of the 
ribozyme, 

Jennings etai, U.S. Patent 5.298,612, indicate that nucleotides within a 
10 "minizyme" can be modified. Theystate- 

'Nucleotides comprise a base, sugar and a 
monophosphate group. Accordingly, nucleotide 
derivatives or modifications may be made at the 
level of the base, sugar or monophosphate 

1 5 groupings Bases may be substituted with various 

groups, such as halogen, hydroxy, amine, alkyl, 
azido. nitro. phenyl and the like." 

W093/23569, WO95/06731. WO95/04818, and W095/133178 describe 
20 various modifications that can be introduced into ribozyme structures. 

This invention relates to production of enzymatic RNA molecules or 
ribozymes having enhanced or reduced binding affinity and enhanced 
enzymatic activity for their target nucleic acid substrate by inclusion of one or 
more modified nucleotides in the substrate binding portion of a ribozyme such 
25 as a hammertiead, hairpin, VS ribozyme or hepatitis delta virus derived 
ribozyme. Applicant has recognized that only small changes in the extent of 
base-pairing or hydrogen bonding between the ribozyme and substrate can 
have significant effect on the enzymatic activity of the ribozyme on that 
substrate. Thus, applicant has recognized that a subtle ialteration in the extent 

30 of hydrogen bonding along a substrate binding arm of a ribozyme can be used 
to improve the ribozyme activity compared to an unaltered ribozyme 
containing no such altered nucleotide. Thus, for example, a guanosine base 
may be replaced with an inosine to produce a weaker interaction between a 
ribozyme and its substrate, or a uracil may be replaced with a bromouracil 

35 (BrU) to increase the hydrogen bonding interaction with an adenosine. Other 
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examples of alterations of the four standard ribonucleotide bases are shown in 
Figures 22a-d with weaker or stronger hydrogen bonding abilities shown in 
each figure. 

In addition, applicant has determined that base modification within some 
5 catalytic core nucleotides maintains or enhances enzymatic activity compared 
to an unmodified molecule. Such nucleotides are noted in Figure 23. 
Specifically, referring to Figure 23, the preferred sequence ot a hammerhead 
ribozyme in a 5' to 3' direction of the catalytic core is CUG ANG A G«C GAA A. 
wherein N can be any base or may lack a base (abasic); G-C is a base-pair. 
10 The nature of the base-paired stem II (Figures 1 , 2 and 23) and the recognition 
arms of stems I and III are variable. In this invention, the use of base-modified 
nucleotides in those regions that maintain or enhance the catalytic activity 
and/or the nuclease resistance of the hammerhead ribozyme are described. 
(Bases which can be modified include those shown in capital letters). 

15 Examples of base-substitutions useful in this invention are shown in . 

Figure 22. 24-30. 39-43. 45-46. In preferred embodiments cytidine residues 
are substituted with 5-alkylcytidines {e.g., 5-methylcytidine, Figure 24. R=CH3, 
9), and uridine residues with 5-alkyluridines (e.g., ribothymidine (Figure 24, 
R=CH3. 4) or 5-halouridine {e.g., 5-bromouridine. Figure 24. X=Br. 13) or 

20 6-azapyrimidines (Figure 24. 17) or 6-alkyluridine (Figure 30). Guanosine or 
adenosine residues may be replaced by diaminopurine residues (Figure 24. 
22) in either the core or stems. In those bases where none of the functional 
groups are important in the complexing of magnesium or other functions of a 
ribozyme, they are optionally replaced with a purine ribonucleoside (Figure 

25 24. 23), which significantly reduces the complexity of chemical synthesis of 
ribozymes, as no base-protecting group is required during chemical 
incorporation of the purine nucleus. Furthermore, as discussed above, 
base-modified nucleotides may be used to enhance the specificity or strength 

of binding of the recognition arms with similar modifications. Base-modified 
30 nucleotides, in general, may also be used to enhance the nuclease resistance 
of the catalytic nucleic acids in which they are incorporated. These 
modifications within the hammerhead ribozyme motif are meant to be non- 
limiting example. Those skilled in the art will recognize that other ribozyme 
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motifs with similar modifications can be readily synthesized and are within the 
scope of this invention. 

Substitutions of sugar moieties as described in the art cited above, may 
also be made to enhance catalytic activity and/or nuclease stability. 

5 The invention provides ribozymes having increased enzymatic activity jn 

vitro and in vivo as can be measured by standard kinetic assays. Thus, the 
kinetic features of the ribozyme are enhanced by selection of appropriate 
modified bases in the substrate binding arms. Applicant recognizes that while 
strong binding to a substrate by a ribozyme enhances specificity, it may also 

10 prevent separation of the ribozyme from the cleaved substrate. Thus, 
applicant provides means by which optimization of the base pairing can be 
achieved. Specifically, the invention features ribozymes with modified bases 
with enzymatic activity at least 1.5 fold (preferably 2 or 3 fold) or greater than 
the unmodified corresponding ribozyme. The invention also features a 

15 method for optimizing the kinetic activity of a ribozyme by introduction of 
modified bases Into a ribozyme and screening for those with higher enzymatic 
activity. Such selection may be in vitro or in vivo . By enhanced activity is 
meant to include activity measured in vivo where the activity is a reflection of 
both catalytic activity and ribozyme stability. In this invention, the product of 

20 these properties in increased or not significantly (less that 1 0 fold) decreased 
in vivo compared to an all RNA ribozyme. 

By "enzymatic portion" is meant that part of the ribozyme essential for 
cleavage of an RNA substrate. 

By "substrate binding arm" is meant that portion of a ribozyme which is 
25 complementary to {i.e., able to base-pair with) a portion of its substrate. 
Generally, such complementarity is 100%. but can be less if desired. For 
example, as few as 10 bases out of 14 may be base-paired. Such arms are 
Shown generally in Figures 1-3 as discussed below. That is. these amis 
contain sequences within a ribozyme which are intended to bring ribozyme 
30 and target RNA together through complementary base-pairing interactions: 
e.g., ribozyme sequences within stems I and III of a standard hammerhead 
ribozyme make up the substrate-binding domain (see Figure 1). 
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By "unmodified nucleotide base" is meant one of the bases adenine, 
cytosine. guanosine, uracil joined to the V carbon of 8-D-ribo-furanose. The 
sugar also has a phosphate bound to the 5' carbon. These nucleotides are 
bound by a phosphodiester between the 3* carbon of one nucleotide and the 
5 5' carbon of the next nucleotide to fonn RNA. 

By "modified nucleotide base" is meant any nucleotide base which 
contains a modification in the chemical structure of an unmodified nucleotide 
base which has an effect on the ability of that base to hydrogen bond with its 
normal complementary base, either by increasing the strength of the hydrogen 
10 bonding or by decreasing it (e.flr., as exemplified above for inosine and 
bromouracil). Other examples of modified bases include those shown in 
Figures 22a-d and other modifications well known in the art, including 
heterocyclic derivatives and the like. 

In preferred embodiments the modified ribozyme is a hammerhead, 
15 hairpin VS ribozyme or hepatitis delta virus derived ribozyme, and the 
hammerhead ribozyme includes t>etween 32 and 40 nucleotide bases. The 
selection of modified bases is most preferably chosen to enhance the 
enzymatic activity (as observed in standard kinetic assays designed to 
measure the kinetics of cleavage) of the selected ribozyme, i.e., to enhance 
20 the rate or extent of cleavage of a substrate by the ribozyme, compared to a 
ribozyme having an identical nucleotide base sequence without any modified 
base. 

By "kinetic assays" or "kinetics of cleavage" is meant an experiment in 
which the rate of cleavage of target RNA is determined. Often a series of 
25 assays are performed in which the concentrations of either ribozyme or 
substrate are varied from one assay to the next in order to determine the 
influence of that parameter on the rate of cleavage. 

By "rate of cleavage" Is meant a measure of the amount of target RNA 
cleaved as a function of time. 

30 Enzymatic nucleic acid having a hammerhead configuration and 

modified bases which maintain or enhance enzymatic activity are provided. 
Such nucleic acid is also generally more resistant to nucleases than 
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unmodified nucleic acid. By "modified bases" in this aspect is meant tfiose 

shown in Figure 22 A-D, and 24. 30. and 42B or their equivalents; such bases 

may be used withfn the catalytic core of the enzyme as well as in the 

substrate-binding regions. In particular, the invention features modified 
5 ribozymes having a base substitution selected from pyridin^-one. pyridin-2- 

one. phenyl, pseudouracil, 2. 4. 6-trimethoxy benzene. 3-methyluracil. 

dihydrouracil. naphthyl. 6-methyl-uracil and aminophenyl. As noted above.' 

substitution in the core may decrease in vitro activity but enhances stability. 

Thus, in vjvQ the activity may not be significantly lowered. As exemplified 
1 0 herein such ribozymes are useful in vivo even if active over all is reduced 10 

fold. Such ribozymes herein are said to "maintain' the enzymatic activity on all 

RNA ribozyme. 

Small scale synthesis were conducted on a 394 Applied Blosystems, Inc. 
synthesizer using a modified 2.5 jimol scale protocol with a 5 min coupling step for 

5 alkyisilyl protected nucleotides and 2.5 min coupling step for 2*-0-methylated 
nucleotides. Table Cll outlines the amounts, and the contact times, of the reagents 
used in the synthesis cycle. A 6.5-fold excess (163 of 0.1 M = 16.3 nmol) of 
phosphoramidite and a 24-fold excess of S-ethyl tetrazole (238 \xL of 0.25 M = 
59.5 nmol) relative to polymer-bound 5*-hydroxyl was used in each coupling cycle. 

0 Average coupling yields on the 394 Applied Biosystems. Inc. synthesizer, 
detemiined by colorimetric quantitation of the trityl fractions, were 97.5-99%. Other 
oligonucleotide synthesis reagents for the 394 Applied Biosystems. Inc. 
synthesizer: detritylation solution was 2% TCA in methylene chloride (ABI); 
capping was performed with 16% W-methyl imidazole in THF (ABI) and 10% acetic 

5 anhydride/10% 2,6-lutidine in THF (ABI): oxidation solution was 16.9 mM I2. 49 
mM pyridine. 9% water in THF (Millipore). B & J Synthesis Grade acetonitrile was 
used directly from the reagent bottle. S-Ethyl tetrazole solution (0.25 M in 
acetonitrile) was made up from the solid obtained from American International 
Chemical. Inc. 

) Deprotection of the RNA was performed as follows. The polymer-bound 

oligoribonucleotide. trityl-off. was transferred from the synthesis column to a 4mL 
glass screw top vial and suspended in a solution of methylamine (MA) at 65 "C for 
10 min. After cooling to -20 'C. the supernatant was removed from the polymer 
support. The support was washed three times with 1.0 mL of 
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EtOH:MeCN:H20/3:1:1. vortexed and the supernatant was then added to the first 
supernatant. The combined supernatants, containing the oligoribonucteotide. 
were dried to a white powder. 

The base-deprotected oligoribonucleotide was resuspended in anhydrous 
5 TEA«HF/NMP solution (250 \iL of a solution of I.SmL A/-methylpyrrolidinone. 750 
TEA and 1.0 mL TEA«3HF to provide a 1.4M HF concentration) and heated to 
eS'^C for 1.5 h. The resulting, fully deprotected, oligomer was quenched with 50 
mM TEAB (9 mL) prior to anion exchange desalting. 

For anion exchange desalting of the deprotected oligomer, the TEAB solution 
1 0 was loaded onto a Qiagen 500® anion exchange cartridge (Qiagen Inc.) that was 
prewashed with 50 mM TEAB (10 mL). After washing the loaded cartridge with 50 
mM TEAB (10 mL), the RNA was eluted with 2 M TEAB (.10 mL) and dried down to 
a white powder. 

Inactive hammeriiead ribozymes were synthesized by substituting a U for G5 
15 and a U for A14 (numbering from (Hertel, K. J., et aL, 1992, Nucleic Acids Res. . 20. 
:.ib2)). 

The average stepwise coupling yields were >98% (Wincott et ai, 1995 
Nucleic Acids Res, 23, 2677-2684). 

Hairpin ribozymes are synthesized either as one part or in two parts and 
20 annealed to reconstruct the active ribozyme (Chowrira and Buri<e. 1992 Nucleic 
Acids Res., 20. 2835-2840). 

Ribozymes are purified by gel electrophoresis using general methods or are 
purified by high pressure liquid chromatography (HPLC; See Stinchcomb et aL, 
Intemational PCT Publication No. WO 95/23225. and are resuspended in water. 

25 Various modifications to ribozyme structure can be made to enhance the 

utility of ribozymes. Such modifications will enhance shelf-life, half-life in vitro , 
stability, and ease of introduction of such ribozymes to the target site, e.g. . to 
enhance penetration of cellular membranes, and confer the ability to recognize 
and bind to targeted cells. 
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Examples of such ribozymes are provided in Usman et al.. WO 95/13378 
and below. 

2'daoxv.2'.nuclflftti^qi^ 

Eckstein et al.. International Publication No. WO 92/07065; Perrault et 
5 al.. 1990 maia. 344, 565: Pieken et a!.. 1991 SfiifiQSfi 253. 314;' Usman and 
Cedergren. 1992 Trent!? in Piochf^m Srj 17. 334; Usman et al.. International 
Publication No. WO 93/15187; and Rossi et al.. International- Publication No. 
WO 91/03162. as well as Stinchcomb et al.. sugra. Sproat. European Patent 
/Application 92110298.4 and U.S. Patent 5.334.711; Jennings et al.. WO 

10 94/13688 and Beigelman et al..sm& which describe various chemical 
modifications that can be made to the sugar moieties of enzymatic RNA 
molecules. Usman et al. also describe various required ribonucleotides in a 
ribozyme. and methods by which such nucleotides can be defined. De 
Mesmaeker era/. Syn. Lett. 1993. 677-680 (not admitted to be prior art to the 

15 present invention) describes the synthesis of certain 2'-C-alkyl uridine and 
thymidine derivatives. They conclude that "...their use in an antisense 
approach seems to be very limited." 

This invention relates to the use of 2'-deoxy-2'.alkylnucleotides in 
oligonucleotides, which are particulariy useful for enzymatic cleavage of RNA 
or single-stranded DNA. and also as antisense oligonucleotides. As the term 
is used in this application. 2'-deoxy-2'-alkylnucleotide-containing enzymatic 
nucleic acids are catalytic nucleic acid molecules that contain 2'-deoxy-2'- 
alkylnucleotide components replacing, but not limited to. double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
25 single-stranded recognition sequences. These molecules are able to cleave 
(preferably, repeatedly cleave) separate RNA or DNA molecules in a 
nucleotide base sequence specific manner. Such catalytic nucleic acids can 
also act to cleave intramolecuiariy if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA tfanscripl. 

30 Also within the invention are 2'-deoxy-2'-alkylnucleotides which may be 
present in enzymatic nucleic acid or even in antisense oligonucleotides. 
Contrary to the findings of De l\/lesmaeker et al. applicant has found that such 
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nucleotides are useful since they enhance the stability of the antisense or 
enzymatic molecule, and can be used in locations which do not affect the 
desired activity of the molecule. That is, while the presence of the 2'-alkyl 
group may reduce binding affinity of the oligonucleotide containing this 
5 modification, if that moiety is not in an essential base pair forming region then 
the enhanced stability that it provides to the molecule is advantageous. In 
addition, while the reduced binding may reduce enzymatic activity, the 
enhanced stability may make the loss of activity of less consequence. Thus, 
for example, if a 2'-deoxy*2'-alkyl-containing molecule has 10% the activity of 

10 the unmodified molecule, but has 10-fold higher stability in vivo then it has 
utility in the present invention. The same analysis is true for antisense 
oligonucleotides containing such modifications. The invention also relates to 
novel intermediates useful in the synthesis of such nucleotides and 
oligonucleotides (examples of which are shown in the Figures 48-54), and to 

1 5 methods for their synthesis. 

Thus, the invention features 2'-deoxy-2*-alkylnucleotides, that is a 
nucleo.:;<p base having at the 2'-position on the sugar molecule an alkyi 
moietf jnd in preferred embodiments features those where the nucleotide is 
not uridine or thymidine. That is. the invention preferably includes all those 
20 nucleotides useful for making enzymatic nucleic acids or antisense molecules 
that are not described by the art discussed above. 

Examples of various alkyI groups useful in this invention are shown in 
Figure 48, where each R group is any alkyl. These examples are not lirfiittng 
in the invention. Specificallyt an 'alkyr group refers to a saturated aliphatic 

25 hydrocarbon, including straight-chain, branched-chain, and cyclic alkyl 
groups. Preferably, the alkyl group has 1 to 12 carbons. More preferably it is 
a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The alkyl 
group may be substituted or unsubstituted. When substituted the substituted 
group(s) is preferably, hydroxyl, cyano. alkoxy, =0. =S, NO2 or N(CH3)2, 

30 amino, or SH. The term also includes alkenyl groups which are unsaturated 
hydrocarbon groups containing at least one carbon-carbon double bond, 
including straight-chain, branched-chain. and cyclic groups. Preferably, the 
alkenyl group has 1 to 12 carbons. More preferably it is a lower alkenyl of 
from 1 to 7 carbons, more preferably 1 to 4 carbons. The alkenyl group may 
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be substituted or unsubstituted. When substituted the substituted group(s) ts 
preferably, hydroxyl, cyano, alkoxy, =0, =S. NO2. halogen, N(CH3)2, amino, or 
SH. The term "aikyl" also includes alkynyl groups which have an unsaturated 
hydrocarbon group containing at least one carbon-carbon triple bond, 
5 including straight-chain, branched-chain, and cyclic groups. Preferably, the 
alkynyl group has 1 to 12 cartoons. More preferably it is a lower alkynyl of from 
1 to 7 carbons, more preferably 1 to 4 carbons. The alkynyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0. =S. NO2 or N(CH3)2, amino or SH. 
10 The temi 'alkyl" does not include alkoxy groups which have an "-O-alkyr 
group, where "alkyl' is defined as described above, where the O is adjacent 
the 2'-position of the sugar molecule. 

Such alkyi groups may also include aryl. alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 

15 aromatic group which has at least one ring having a conjugated pi electron 
system and includes carbocyclic aryl. heterocyclic aryl and biaryl groups, all of 
which may be optionally substituted. The preferred substituent(s) of aryl 
groups arc ,..alogen. trihalomethyl. hydroxyl, SH, OH. cyano. alkoxy, alkyl. 
alkenyl. alkynyl, and amino groups. An "alkylaryl" group refers to an alkyl 

20 group (as described above) covalently joined to an aryl group (as described 
above. Carbocyclic aryl groups are groups wherein the ring atoms on the 
aromatic ring are all carbon atoms. The carbon atoms are optionally 
substituted. Heterocyclic aryl groups are groups having from 1 to 3 
heteroatoms as ring atoms in the aromatic ring and the remainder of the ring 

25 atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, and 
nitrogen, and include furanyl. thienyl. pyridyl, pyrrolyl. N-lower alkyl pyrrole, 
pyrimidyl. pyrazinyl. imidazolyl and the like, all optionally substituted. An 
"amide" refers to an •C(0)-NH-R, where R is either alkyl. aryl, alkylaryl or 
hydrogen. An "ester* refers to an -C(0)-OR\ where R is either alkyl, aryl. 

30 alkylaryl or hydrogen. 

In other aspects, also related to those discussed above, the invention . 
features oligonucleotkJes having one or more 2'-deoxy-2'-alkylnucleotides 
(preferably not a 2*-alkyl- uridine or thymidine); e.g. enzymatic nucleic acids 
having a 2'-deoxy-2*-alkylnucleotide; and a method for producing an 
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enzymatic nucleic acid molecule having enhanced activity to cleavd an RNA 
or single-stranded DNA molecule, by forming the enzymatic molecule with at 
least one nucleotide having at its 2'-position an alkyi group. In other related 
aspects, the invention features 2*-deo)(y-2'*alkylnucleotlde triphosphates. 
5 These triphosphates can be used in standard protocols to form useful 
oligonucleotides of this invention. 

The 2*-alkyl derivatives of this invention provide enhanced stability to the 
oligonulceotides containing them. While they may also reduce absolute 
activity in an in vitro assay they will provide enhanced overall activity in vivo. 
10 Below are provided assays to determine which such molecules are useful. 
Those in the art will recognize that equivalent assays can be readily devised. 

In another aspect, the invention features hammerhead motifs having 
enzymatic activity having ribonucleotides at locations shown in Figure 47 at 5. 
6. 8. 12, and 15.1, and having substituted ribonucleotides at other positions in 

1 5 the core and in the substrate binding amis if desired. (The term "core" refers to 
positions between bases 3 and 14 in Figure 47, and the binding arms 
con-espond to th .ses from the 3 -end to base 15.1, and from the 5'-end to 
base 2). Applicant has found that use of ribonucleotides at these five locations 
in the core provide a molecule having sufficient enzymatic activity even when 

20 modified nucleotides are present at other sites in the motif. Other such 
combinations of useful ribonucleotides can be determined as described by 
Usman at aL supra. 

2'"0-alkvlthioalkvl and 2^C-alkvlthiQalkvl contai ninQ nucleic acids 

Medina et al., 1988 Tetrahedron Letters 29, 3773, describe a method to 
25 convert alcohols to methylthiomethyl ethers. 

Matteucci et al., 1990 Tetrahedron Letters, 31, 2385. report the synthesis 
of 3'-5'-methylene bond via a methylthiomethyl precursor. 

Veeneman et ah, 1990 Reel. Trav. Chim. PaysSas 109. 449. report the 
synthesis of 3'-0-methylthiomethyl deoxynucleoside during the synthesis of a 
30 dimer containing 3'-5'-methylene bond. 
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Jones at al., 1993 J. Org. Chem. 58. 2983, report the use of 3'-0- 
methylthiomethyl deoxynucleoside to synthesize a dimer containing a 3'- 
thioformacetal intemucleoslde linkages. The paper also describes a method 
to syrithesize phosphoramidites for DNA synthesis. 

5 Zavgorodny et at.. 1991 Tetrahedron Letters 32, 7593. describe a 

method to synthesize a nucleoside containing methyfthiomethyl modification. 

This invention relates to the incorporation of 2'-0-alkylltHioalkyl and/or 2'- 
C-alkylthioalkyl nucleotides or non-nucleotides into nucleic acids, which are 
particularly useful for enzymatic cleavage of RNA or single-stranded DNA. and 
10 also as antisense oligonucleotides. 

As the term is used in this application. 2'-0-aIkylthioalkyl and/or 2'-C- 
alkylthioalkyl nucleotide or non-nucleotide-containing enzymatic nucleic acids 
are catalytic nucleic molecules that contain 2*-0-alkylthioalkyl and/or 2'-C- 
alkylthioalkyl nucleotide or non-nucleotides components replacing one or 

15 more bases or regions including, but not limited to, those bases in double 
stranded stems, single stranded "catalytic core" sequences, single-stranded 
loops or single-strandt ; lacognition sequences. These molecules are able to 
cleave {preferably, repeatedly cleave) separate RNA or DNA molecules in a 
nucleotide base sequence specific manner. Such catalytic nucleic acids can 

20 also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

Also within the invention are 2 -O-alkylthioalkyI and/or 2'-C-alkylthioalkyl 
nucleotides or non-nucleotides which may be present in enzymatic nucleic 
acid or in antisense oligonucleotides or 2-5A antisense chimera. Such 
25 nucleotides or non-nucleotides are useful since they enhance the activity of 
the antisense or enzymatic molecule. The invention also relates to novel 
intermediates useful in the synthesis of such nucleotides or non-nucleotides 
and oligonucleotides (examples of which are shown in the Figures), and to 
methods for their synthesis. 

30 Thus, the invention features 2*-0-alkylthioalkyl nucleosides or non- 

nucleosides, that is a nucleoside or non-nucleosides having at the 2'-position 
on the sugar molecule a 2'-0-alkylthioalkyl moiety. In a related aspect, the 
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invention also features 2*-0-alkylthioalkyl nucleotides or non-nucleotides. 
That is, the invention preferably includes those nucleotides or non-nucleotides 
having 2' substitutions as noted above useful for making enzyniatic nucleic 
acids or antisense molecules that are not described by the art discussed 
5 above. 

The temi non-nucleolide refers to any group or compound which can be 
incorporated Into a nucleic acid chain in the place of one or.more nucleotide 
units, including either sugar and/or phosphate substitutions, and allows the 
remaining bases to exhibit their enzymatic activity. The group or compound is 
1 0 abasic in that it does not contain a commonly recognized nucleotide base, 
such as adenine, guanine, cytosine, uracil or thymine. It may have 
substitutions for a Z or 3* H or OH as described in the art. See Eckstein et al. 
and Usman et al., supra. 

The term nucleotide refers to the regular nucleotides (A, U. G. T and C) 
1 5 and modified nucleotides such as 6-methyl U, inosine, 5-methyl C and others. 
Specifically, the term ■nucleotide" is used as recognized in the art to include 
natural bases, and modifie ses well known in the art. Such bases are 
generally located at the 1' position of a sugar moiety. The term "non- 
nucleotide" as used herein to encompass sugar moieties lacking a base or 
20 having other chemical groups in place of a base at the V position. Such 
molecules generally include those having the general formula: 




o Rt 



Y 



wherein. RI represents 2'-0-alkylthioalkyl or 2'-C-alkylthioalkyl: X 
represents a base or H; Y represents a phosphorus-containing group; and R2 
25 represents H, DMT or a phosphorus-containing group (Rgure 55). 
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Phosphorus-containing group is generally a phosphate, thiophosphate. 
H-phosphonate, methylphosphonate, phosphoramldite or other modified 
group known in the art. 

In a another aspect, the invention features 2*-C-alkylthioalkyl nucleosides 
5 or non-nucteosides, that is a nucleotide or a non-nucleotide residue having at 
the 2*-position on the sugar molecule a Z-C-alkylthioalkyI moiety. In a related 
aspect, the invention also features 2*-C-alkylthioalkyl nucleotides or non- 
nucleotides. That is, the invention preferably includes all those 2' modified 
nucleotides or non-nucleotides useful for making enzymatic nucleic acids or 
10 antisense molecules as described above that are not described by the art 
discussed above. 

Specifically, an "alkyl" group is as defined above, except that the terni 
includes 2'-0-alkyl moeities. 

In other aspects, also related to those discussed above, the invention 
1 5 features oligonucleotides having one or more 2'-0-alkylthioalkyl and/or 2'-C- 
alkylthioalkyi nucleotides or non iMcleotides; e.g. enzymatic nucleic acids 
having a 2*-0-methylthiomethyl a;, /or 2'-C-alkylthioaIkyl nucleotides or non- 
nucleotides ; and a method for producing an enzymatic nucleic acid molecule 
having enhanced activity to cleave an RNA or single-stranded DNA molecule. 
20 by forming the enzymatic molecule with at least one nucleotide or a non- 
nucleotide moiety having at its 2'-position an 2'-0-aikylthioalkyl and/or 2'-C- 
alkylthioalkyl group. 

In other related aspects, the invention features 2*-Oalkylthioalkyl and/or 
2'-C-alkylthioalkyl nucleotide triphosphates. These triphosphates can be 
25 used in standard protocols to form useful oligonucleotides of this invention. 

The 2-O-alkylthioalkyl and/or 2'-C-alkylthioalkyl derivatives of this - 
invention provide enhanced activity and stability to the oligonulceotides 
containing them. 

In yet another preferred embodiment, the invention features 
30 oligonucleotides having one or more 2'-0-alkylthioalkyl and/or 2'-C- 
alkylthioalkyl abasic (non-nucleotide) moeities. For example, enzymatic 
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nucleic acids having a 2'-0-alkylthioalkyl and/or 2*-C-alkylthioalkyl abasic 
moeity; and a method for producing an enzymatic nucleic acid molecule 
having enhanced activity to cleave an RNA or single-stranded DNA molecule, 
by fomiing the enzymatic molecule with at least one position having at its 2'- 
5 position an 2'-0-alkylthloalkyl or 2'-C-alkylthioalkyl group. 

In related embodiments, the invention features enzymatic nucleic acids 
containing one or more 2'-0-alkylthioalkyl and/or 2*-C-alkylthioalkyl 
substitutions either In the enzymatic portion, substrate binding portion or both, 
as long as the catalytic activity of the ribozyme is not significantly decreased. 

1 0 In yet another preferred embodiment, the invention features the use of 2'- 

O-alkylthioalkyI moieties as protecting groups for 2'-hydroxyl positions of 
ribofuranose during nucleic acid synthesis. 

While this invention is applicable to alt oligonucleotides, applicant has 
found that the modified molecules of this invention are particulary useful for 
15 enzymatic RNA molecules. Thus, below is provided examples of such 
molecules. Those in the art will recogn'J that equivalent procedures can be 
used to make other molecules without buch enzymatic activity. Specifically, 
Figure 1 shows base numbering of a hammerhead motif in which the 
numbering of various nucleotides in a hammertiead ribozyme is provided. 

20 Referring to Figure 1 . the prefen-ed sequence of a hammerhead ribozyme 

in a 5'- to 3'-direction of the catalytic core is CUGANGAG (base paired with] 
CGAAA. In this Invention, the use of 2*-0-alkylthioalkyl and/or 2'.C- 
alkylthioalkyl substituted nucleotides or non-nucleotides that maintain or 
enhance the catalytic activity and or nuclease resistance of the hammertiead 

25 ribozyme is described. Substitutions of any nucleotide with any of the 
modified nucleotides or non-nucleotides discussed above are possible. 
Usman et ai., supra and Sproat et al., supra as well as other publications 

indicate those bases that can be substituted in noted ribozyme motifs. Those 
in the art can thus detemiine those bases that may be substituted as described 
30 herein with beneficial retalnment of enzymatic activity and stability. 
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Non«nuclQQtidQs 

Usman, et al.. WO 93/15187 in discussing modified structures 
ribozymes states: 

It should be understood that the linkages between 
the building units of the polymeric chain may be 
linkages capable of bridging the units together for 
either in vitr9 or in vh/o. For example the linkage 
may be a phosphorous containing linkage, e.g.. 
phosphodiester or phosphothioate, or may be a 
nitrogen containing linkage, e.g., amide. It should 
further be understood that the chimeric polymer 
may contain non-nucleotide spacer molecules 
along with its other nucleotide or analogue units. 
Examples of spacer molecules which may be used 
are described in Nielsen et al. Science . 254:1497- 
1500 (1991). 

Jennings et al., WO 94/13688 while discussing hammerhead ribozyme 
lacking the usual stem II base-paired region state: 

One or more rit>onucleotides and/or 
deoxy ribonucleotides of the group (X)m. (stem 111 
may be replaced, for exampJ-.-. with a linker 
selected from optionaliy substituted 
polyphosphodiester (such as poly(1-phospho-3- 
propanol)), optionally substituted alkyi, optionally 
substituted polyamide, optionally substituted glycol, 
and the like. Optional substituents are well knowri 
in the art, and include alkoxy (such as methoxy. 
ethoxy and propoxy). straight or branch chain lower 
alkyI such as Ci - Cs alkyI), amine, aminoalkyi 
(such as amino Ci - C5 alkyI), halogen (such as F. 
01 and Br) and the like. The nature of optional 
substituents is not of importance, as long as the 
resultant endonuciease is capable of substrate 
cleavage. 

Additionally, suitable linkers may comprise 
polycyclic molecules, such as those containing 
phenyl or cyclohexyl rings. The linker (L) may be a 
polyether such as polyphosphopropanediol, 
polyethyleneglycol, a bifunctional polycyclic 
molecule such as a bifunctional pentalene. indene. 
naphthalene, azulene, heptalene, biphenylene, 
asymindacene. sym-indacene, acenaphthylene. 
fluorene, phenalene. phenanthrene, anthracene, 
fluoranthene, acephenathrylene, aceanthrylene, 
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triphenylene, pyrene. chrysene» naphthacene, 
thianthrene, isobenzofuran. chromene, xanthene. 
phenoxathiin. indolizine, isoindole, 3-H-indole, 
indole, l-H-indazole, 4-H-quinolizine, isoquinoline, 
5 quinoline, phthalazine, naphthyridine, quinoxaline. 

quinazolina, cinnoline, pteridine. 4«aH-carbzol6. 
carbazole, B-carboline, phenanthridine, acridine, 
perimtdine, phenanthroline, phenazine, 
phenolthiazine, phenoxazine, which polycyclic 
10 compound may be substituted or modified, or a 

combination of the polyethers and the polycyclic 
molecules. 

The polycyclic molecule may be substituted 
of polysubstituted with Ci -C5 alkyl. alkenyl, 

1 5 hydroxyalkyi, halogen of haloalkyi group or with O- 

A or CH2-O-A wherein A is H or has the formula 
CONR'R" wherein R' and R" are the same or 
different and are hydrogen or a substituted or 
unsubstituted Ci • Ce alkyl. aryl. cycloalkyi, or 

20 heterocyclic group; or A has the formula -M-NR'R" 

wherein R* and R' are the same or different and are 
hydrogen, or a C1-C5 alkyl. alkenyl, hydroxyalkyi, 
or haloalkyi group wherein the halo atom is 
fluorine, chlorine, bromine, or iodine at* -m; and -M- 

25 is an organic moiety having 1 to 1 0 c. . ! on atoms 

and is a branched or straight chain alkyl. aryl, or 
cycloalkyi group. 

In one embodiment, the linker is 
tetraphosphopropanediol or 

30 pentaphosphopropanediol. In the case of 

polycyclic molecules there will be preferably 18 or 
more atoms bridging the nucleic acids. More 
preferably their will be from 30 to 50 atoms 
bridging, see for Example 5. In another 

35 embodiment the linker is a bifunctional carbazole or 

bifunctional carbazole linked to one or more 
polyphosphoropropanediol. 

Such compounds may also comprise 
suitable functional groups to allow coupling through 

40 reactive groupjs on nucleotides." 



This invention concerns the use of non-nucleotide molecules as spacer 
elements at the base of double-stranded nucleic acid (e.g., RNA or DNA) 
stems (duplex stems) or more preferably, in the single-stranded regions, 
45 catalytic core, loops, or recognition arms of enzymatic nucleic acids. Duplex 
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Stems are ubiquitous structural elements in enzymatic RNA molecules. To 
facilitate the synthesis of such stems, which are usually connected via single- 
stranded nucleotide chains, a base or base-pair mimetic may be used to 
reduce the nucleotide requirement in the synthesis of such molecules, and to 
5 confer nuclease resistance (since they are non-nucleic acid components). 
This also applies to both (he catalytic core and recognition amis of a ribozyme. 
In particular abasic nucleotides (i.e.. moieties lacking a nucleotide base, but 
having the sugar and phosphate portions) can be used to -provide stability 
within a core of a ribozyme, a^. at U4 or N7 of a hammerhead structure 
1 0 shown in Rgure 1 . 

Thus, the invention features an enzymatic nucleic acid molecule having 
one or more non-nucleotlde moieties, and having enzymatic activity to cleave 
an RNA or ONA molecule. 

Examples of such non-nucleotide mimetics are shown in Figure 58 and 
15 their incorporation into hammerhead ribozymes is shown in Figure 60. These 
non-nucleotide linkers may be either polyether. polyamine. polyamide, or 
poiyhydrocarbon compounds. Specific examples includf liiose described by 
Seela and Kaiser. Nucleic Acids Res. 1990. rfl:6353 and Nudeic Acids Res. 
1987. r5:3113: Cload and Schepartz. J. Am. Chem. Soc. 1991. 7 73:6324; 
20 Richardson and Schepartz. J. Am. Chem. Soc. 1991. 7 73:5109; Ma et al.. 
Nucleic Acids Res. 1993, 27:2585 and Biochemistry 1993. 32:1751; Durand 
et al.. Nucleic Acids Res. 1990. 18:6353; McCurdy et al.. Nucleosides & 
Nucleotides 1991. 70:287; Jaschl<e et al.. Tetrahedron Lett. 1993, 34:301; 
Ono et al.. fl/oc/jom/sf/y 1991. 30:9914; Arnold et al.. International Publication 
25 No. WO 89/02439 entitled "Non-nucleotide Linking Reagents for Nucleotide 
Probes"; and Ferentz and Verdine. J. Am. Chem. Soc. 1991. 7 73:4000. all 
hereby incorporated by reference herein. 

In preferred embodiments, the enzymatic nucleic acid includes one or 
more stretches of RNA, which provide the enzymatic activity of the molecule, 
30 linked to the non-nudeotide moiety. 

In preferred embodiments, the enzymatic nucleic acid includes one or 
more stretches of RNA. which provide the enzymatic activity of the molecule. 
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linked to the non-nucleotlde moiety. The necessary ribonucleotide 
components are known in the art, saa. e.g.. Usman, sliEtauand Usman et al, 
[^11 91^ Acid, Symo. Genes 31:163. 1994, 

As the term is used in this application, non-nucleptide-containing 
5 enzymatic nucleic acid means a nucleic acid molecule that contains at least 
one non-nucleotide component which replaces a portion of a ribozyme, e.g., 
but not limited to, a double-stranded stem, a single-stranded "catalytic core" 
sequence, a single-stranded loop or a single-stranded recognition sequence. 
These molecules are able to cleave (preferably, repeatedly cleave) separate 
1 0 RNA or DNA molecules in a nucleotide base sequence specific manner. Such 
molecules can also act to cleave intramolecularly if that is desired. Such 
enzymatic molecules can be targeted to virtually any RNA transcript. Such 
molecules also include nucleic acid molecules having a 3* or 5' non- 
nucleotide, useful as a capping group to prevent exonuclease digestion. 

15 Non-nucleotide mimetics useful in this invention are generally described 

above and in Usman et al. WO 95/06731. Those in the art will recognize thai 
these mimetics can be incorporated into an enzymatic molecu! hy standard 
techniques at any desired location. Suitable choices can be made by 
standard experiments to detemiine the best location, e.g., by synthesis of the 

20 molecule and testing of its enzymatic activity. The optimum molecule will 
contain the known ribonucleotides needed for enzymatic activity, and will have 
non-nucleotides which change the structure of the molecule in the least way 
possible. What is desired is that several nucleotides can be substituted by 
one non-nucleotide to save synthetic steps in enzymatic molecule synthesis 

25 and to provide enhanced stability of the molecule compared to RNA or even 
DNA. 

Synthesis 

This invention relates to the synthesis, deprotection. and purification of 
enzymatic RNA or modified enzymatic RNA molecules in milligram to kilogram 
30 quantities with high biological activity. Such syntheses are generally detailed 
in Stinchcomb t al.. WO 95/23225. 
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This invention relates to the synthesis, deprotection, and purification of 
enzymatic RNA or modified enzymatic RNA molecules in milligram to kilogram 
quantities with high biological activity. 

Generally, RNA is synthesized and purified by methodologies based on: 
5 tetrazole to activate the RNA amidite, NH4OH to remove the exocyclic amino 
protecting groups, tetra-n-butylammonium fluoride (TBAF) to remove the 2'-OH 
alkylsilyl protecting groups, and gel purification and analysis of the 
deprotected RNA. In particular this applies to. but is not limited to. a certain 
class of RNA molecules, ribozymes. These may be formed either chemically 

10 or using enzymatic methods. Examples of the chemical synthesis, 
deprotection, purification and analysis procedures are provided by Usman et 
al., 1987 J. American Chem. Soc., 109, 7845, Scaringe et aL Nucleic Acids 
Res. 1990. rfl. 5433-5341. Perreault etaL Biochemistry ^991 . 30 4020-4025. 
and Slim and Gait Nucleic Acids Res, ^99^ , 79,1183-1188. Odaiefa/. FEBS 

15 Lett, 1990. 267. 150-152 describes a reverse phase chromatographic 
purification of RNA fragments used to forrn a ribozyme. All the above noted 
references are all hereby incorporated by reference herein. 

The aforementioned chemical synthesis, deprotection, purification and 
analysis procedures are time consuming (10-15 m coupling times) and may 

20 also be affected by inefficient activation of the RNA amidites by tetrazole, time 
consuming (6-24 h) and Incomplete deprotection of the exocyclic amino 
protecting groups by NH4OH. time consuming (6-24 h), incomplete and 
difficult to desalt TBAF-catalyzed removal of the alkylsilyl protecting groups, 
time consuming and low capacity purification of the RNA by gel 

25 electrophoresis, and low resolution analysis of the RNA by gel 
electrophoresis. 

Imazawa and Eckstein. 1979 J. Org, Chem.. 12. 2039. describe the 
synthesis of 2*-amino-2'-deoxyribofuranosyi purines. They state that- 



30 



To protect the 2'-amino function, we selected the irifluoroacetyl group which can 
easily be removed." 
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Qhemical linkage 

Jennings et al., US Patent No. 5,298,612 describe the use of non- 
nucleotides to assemble a hammerhead ribozyme lacking a stem II portion. 

Draper et ah. WO 93/23569 (PCT/US93/04020) describes synthesis of 
5 ribozymes in two parts in order to aid in the synthetic process (see. fiLS^i P- ^0)- 

Usman et al.. WO 95/06731 , describe enzymatic nucleic acid molecules 
having non-nucleotides within their structure. Such non-nucleotides can be 
used in place of nucleotides to allow formation of an enzymatic nucleic acid. 

This invention relates to improved methods for synthesis of enzymatic 
10 nucleic acids and, in particular, hammerhead and hairpin motif ribozymes. 
This invention is advantageous over iterative chemical synthesis of ribozymes 
since the yield of the final ribozyme can be significantly increased. Rather 
than synthesizing, for example, a 37mer hammerhead ribozyme, two partial 
ribozyme portions, e.g. . a 20rner and a 17mer, can be synthesized in 
1 5 significantly higher yield, and the two reacted together to form the desired 
enzymatic nucleic acid. 

Referring to Fig, 68, the strategy involved is shown for a hammerhead 
ribozyme where each n or n' is independently any desired nucleotide or non- 
nucleotide. each filled-iri circle represents pairing between bases or other 

20 entities, and the solid line represents a covalent bond. Within the structure 
each n and n' may be a ribonucleotide, a 2*-methoxy-substituted nucleotide, or 
any other type of nucleotide which does not significantly affect the desired 
enzymatic activity of the final product (see Usman et aL. supra ). In the 
particular embodiment shown, which is not limiting in this invention, five 

25 ribonucleotides are provided at rG5. rA6, rG8, rGl2. and rA15.1. U4 and U7 
may be abasic (Lfi^, lacking the uridine moiety) or may be ribonucleotides, 2'- 
methoxy substituted nucleotides, or other such nucleotMes. a9. a13. and a14 
are preferably 2 -methoxy or may have other substituents. The synthesis of 
this hammerhead ribozyme Is performed by synthesizing a 3' and a 5* portion 

30 as shown in a lower part of Fig. 68. Each and 3' portion has a chemically 
reactive group X and Y. respectively. Non-limiting examples of such 
chemically reactive groups are provided in Fig. 69. These groups undergo 
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chemical reactions to provide the bonds shown In Fig. 69. Thus, the X and Y 
can be used, in various combinations, in this invention to form a chemical 
linkage between two ribozyme portions. 

Thus, the invention features a method for synthesis of an enzymatically 
5 active nucleic acid (as defined by Draper, supra) by providing a 3* and a 5' 
portion of that nucleic acid, each having independently chemically reactive 
groups at the 5' and 3' positions, respectively. The reaction is performed 
under conditions in which a covalent bond is formed between the 3' and 5' 
portions by those chemically reactive groups. The bond formed can be, but is 

1 0 not limited to, either a disulfide, morpholino. amide, ether, thioether, amine, a 
double bond, a sulfonamide, carbonate, hydrazone or ester bond. The bond 
is not the natural bond formed between a 5* phosphate group and a 3' 
hydroxyl group which is made during normal synthesis of an oligonucleotide. 
In other embodiments, more than two portions can be linked together using 

1 5 pairs of X and Y groups which allow proper formation of the ribozyme (see 
Figure 69). 

By "chemically reactive group" is simply meant a group which can react 
with another group to form the desired bonds. These bonds may be formed 
under any conditions which will not significantly affect the stmcture of the 
20 resulting enzymatic nucleic acid. Those in the art will recognize that suitable 
protecting groups can be provided on the ribozyme portions. 

In preferred embodimenls the nucleic acid has a hammerhead motif and 
the 3' and 5* portions each have chemically reactive groups in or immediately 
adjacent to the stem II region (see Fig. 1). The stem II region is evident in Fig. 

25 1 between the bases termed a9 and rGl2. The C and G within this stem 
defines the end of the stem II region. Thus, any of the n or n* moieties within 
the stem 11 region can be provided with a chemically reactive group. As is 
evident from this structure, the chemically reactive groups need not be 
provided in the solid line portion but can be provided at any of the n or n*. In 

30 this way the length of each of the 5* and 3* portions can vary by several bases 
(Figure 70). 
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In other preferred embodiments, the chemically reactive group can be, 
but is not limited to, (CH2)nSH: (CH2)nNHR; (CH2)nX; ribose; COOH; 
{CH2)nPPh3; (CH2)nS02CI; (CH2)nCOR; {CH2)nRNH or (CH2)nOH. where! 
CH2 can be replaced by another group which forms a linl<ing chain (which 
5 does not interfere with the terminal chemically reactive group) containing 
various atoms including, but not limited to CH2. such as methylenes, ether, 
ethylene glycol, thioethers, double bonds, aromatic groups and others, 
generally at most 20 such atoms are provided in the linking chain, most 
preferably only 5-10 atoms, and even more preferably only 3- 5 atoms; each 

10 n independently is an integer from 0 to 10 inclusive and may be the same or 
different; each R independently is a proton or an alkyi, alkenyl (as described 
above) and other functional groups or conjugates such as peptides, steroids, 
hoemones, lipids, nucleic acid sequences and others that provides nuclease 
resistance, improved cell association, improved cellular uptake or 

1 5 interacellular localization. X is halogen, and Ph represents a phenyl ring. 

In yet other preferred embodiments, the conditions include provision of 
NalO^ in contact with the ribose, and subsequent provision of a reducing 
group such as NaBH4 or NaCNBH3; or the conditions include provision of a 
coupling reagent. 

20 In a second related aspect, the invention features a mixture of the 5' and 

3' portions of the enzymatically active nucleic acids having the 3' and 5* 
chemically reactive groups noted above. 

Those in the art will recognize that while examples are provided of half 
ribozymes it is possible to provide ribozymes in 3 or more portions. For 
25 example, the hairpin ribozyme may be synthesized by inclusion of chemically 
reactive groups in helix IV and in other helices which are not critical to the 
enzymatic activity of the nucleic acid. 

Pol Ill-based vectors 



This invention relates to RNA polymerase Ill-based methods and systems 
30 for expression of therapeutic RNAs In cells in vivo or in vitro. 
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The RNA polymerase III (pol III) promoter is one found in DNA encoding 
5S, U6, adenovirus VA1, Vault, telomerase RNA. tRNA genes, etc., and is 
transcribed by RNA polymerase ill (for a review see Geiduschek and Tocchini* 
Valentin!, 1988 Anna. Rev. Biochem. 57, 873-914; Willis, 1993 Ear. J. 

5 Biochem. 212, 1-11). There are three major types of pol III promoters: types 1. 
2 and 3 (Geiduschek and Tocchini-Valentini, 1988 supra: Willis. 1993 supra) 
(see Figure 1). Type 1 pol III promoter consists of three cis-acting sequence 
elements downstream of the transcriptional start site a) 5'sequence element 
(A block); b) an intermediate sequence element (I block); c) 3' sequence 

10 element (C block). 5S ribosomal RNA genes are transcribed using the type 1 
pol III promoter (Specht et aL, 1991 Nucleic Acids Res, 19, 2189-2191. 

The type 2 pol III promoter is characterized by the presence of two cis- 
acting sequence elements downstream of the transcription start site. All 
Transfer RNA (tRNA). adenovirus VA RNA and Vault RNA (Kikhoefer et al.. 
15 1993. J. BioL Chem. 268. 7868-7873) genes are transcribed using this 
promoter (Geiduschek and Tocchini- Valentini, 1988 supra; Willis, 1993 supra). 
The sequence composition and orientation of the two cis-acting sequence 
elements- A box (5* sequence element) and B box (3* sequence element) are 
essential for optimal transcription by RNA polymerase III. 

20 The type 3 pol ill promoter contains all of the cis-acting promoter 

elements upstream of the transcription start site. Upstream sequence 
elements include a traditional TATA box (Mattaj et al.. 1988 Cell 55. 435-442), 
proximal sequence element (PSE) and a distal .sequence element (OSE; 
Gupta and Reddy, 1991 Nucleic Acids Res. 19. 2073-2075). Examples of 

25 genes under the control of the type 3 pol III promoter are U6 small nuclear 
RNA (U6 snRNA) and Telomerase RNA genes. 

In addition to the three predominant types of pol III promoters described 
above, several other pol HI promoter elements have been reported (Willis, 

1993 supra) (see Figure 76). Epstein-Barr-virus-encoded RNAs (EBER)i 
30 Xenopus seleno-cystelne tRNA and human 7SL RNA are examples of genes 
that are under the control of pol III promoters distinct from the aforementioned 
types of promoters. EBER genes contain a functional A and B box (similar to 
type 2 pol 111 promoter). In addition they also require an EBER-specific TATA 
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box and binding sites for ATF transcription factors (Howe and Shu. 1989 Cell 
57,825-834). The seleno-cystelne tRNA gene contains a TATA box. PSE and 
DSE (similar to type 3 pol III promoter). Unlike most tRNA genes, the seleno- 
cysteine tRNA gene lacks a functional A box sequence element. It does 
require a functional B box (Lee et al.. 1989 J. Biol. Chem. 264, 9696-9702). 
The human 7SL RNA gene contains an unique sequence element 
downstream of the transcriptional start site. Additionally, upstream of the 
transcriptional start site, the 7SL gene contains binding sites for ATF class of 
transcription factors and a DSE (Bredow et aL. 1989 Gene 86. 217-225), 

Gilboa WO 89/11539 and Gilboa and Sullenger WO 90/13641 describe 
transformation of eucaryotic cells with DNA under the control of a pol III 
promoter. They state: 

"In an attempt to improve antlsense RNA synthesis using stable gene transfer 
protocols, the use of pol III promoters to drive the expression of antisense RNA can be 
considered. The underlying rationale for the use of pol III promoters is that they can 
generate substantially higher levels of RNA transcripts in cells as compared to pol II 
promoters. For example, it is estimated that in a eucaryotic celt there are about 6 x 10^ t- 
RNA molecules and 7 x 10^ mRNA molecules, i.e.. about 100 fold more pol lil transcripts 
of this class than total pol II transcripts. Since there are about 100 active t-RNA genes 
per cell, each t-RNA gene will generate on the average RNA transcripts equal in number 
to total pol 11 transcripts. Since an abundant pol II gene transcript represents about 1% 
of total mRNA while an average pol II transcript represents about 0.01% of total mRNA. a 
t-RNA (pol III) based transcriptional unit may be able to generate 100 fold to 10,000 fold 
more RNA' than a pol It based transcriptional unit. Several reports have described the 
use of pol 111 promoters to express RNA in eucaryotic cells. Lewis and Manley and 
Sisodia have fused the Adenovirus VA-1 promoter to various DNA sequences (the 
herpes TK gene, globin and tubulin) and used transfection protocols to transfer the 
resulting DNA constructs into cultured cells which resulted in transient synthesis of RNA 
in the transduced cell. De la Pena and Zasloff have expressed a t-RNA-Herpes TK 
fusion DNA construct upon microinjection into frog oocytes. Jennings and Molloy have 
constructed an antisense RNA template by fusing the VA-1 gene promoter to a DNA 
fragment derived from SV40 based vector which also resulted in transient expression of 
antisense RNA and limited inhibition of the target gene', (Citations omitted.) 
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The authors describe a fusion product of a chimeric tRNA and an RNA 
product (see Fig. 1C of WO 90/13641). In particular they describe a human 
tRNA met) derivative 3-5. 3-5 was derived from a cloned human tRNA gene by 
deleting 19 nucleotides from the 3* end of the gene. The authors indicate that 
5 the truncated gene can be transcribed if a termination signal is provided, but 
that no processing of the 3' end of the RNA transcript takes place. 

Adeniyi-Jones et al..1984 Nucleic Acids Res. 12. 1101-1115, describe 
certain constructions which "may serve as the basis for utilizing the tRNA gene 
as a 'portable promoter' in engineered genetic constructions." The authors 
10 describe the production of a so-called A3'-5 in which 1 1 nucleotides of the 3'- 
end of the mature tRNAj*^®* sequence are replaced by a plasmid sequence, 
and are not processed to generate a mature tRNA. The authors state: 

•the properties of the tRNAjf"®^ 3' deletion plasmids described in this study suggest 
their potential use in certain engineered genetic constructions. The tRNA gene couid 

15 be used to promote transcription of theoreticafly any ON A sequence fused to the 3' 

border of the gene, generating a fusion gene which would utilize the efficient 
polymerase Hi promoter of the human tRNAj'"®^ gene. By fusion of the ONA sequence 
to a tRNAj"^®^ deletion mutant such as A3*-4. a long read-through transcript would be 
generated in vivo (dependent, of course, on the absence of effective RNA polymerase 

20 III termination sequences). Fusion of the DNA sequence to a tRNAj'^^^ deletion mutant 

such as AS'-S would lead to the generation of a co*transchpt from which subsequent 
processing of the tRNA leader at the 5' portion of the fused transcript would be blocked. 
Control over processing may be of some biological use in engineered constructions, as 
suggested by properties of mRNA species bearing tRNA sequences as 5' leaders in 

25 prokaryotes. Such 'dual transcripts' code for several predominant bacterial proteins 

such as EF-Tu and may use the tRNA leaders as a means of stabilizing the transcript 
from degradation In vivo. The potential use of the tRNAj^^^ gene as a 'promoter 
leader* in eukaryotic systems has been realized recently in bur laboratory. Fusion 
genes consisting of the deleted tRNAj"^®^ sequences contained on plasmids A 3 -4 

30 and A 3*-5 in front of a pron>oter-{ess Herpes simplex type I thymidine kinase gene yield 

viral-specific enzyme resulting from RNA polymerase 111 dependent transcription in both 
X. laevts oocytes and somatic cells'. [References omitted]. 
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Sullenger et al., 1990 Cell 63, 601-619. describe over-expression of 
L4/?-containing sequences using a chimeric tRNAi^eLr/ifl transcription unit 
in a double copy (DC) murine retroviral vector. 

Sullenger et al., 1990 Molecular and Cellular Bio. 10, 6512, describe 
5 expression of chimeric IRNA driven antisense transcripts. It indicates: 

"successful use of a tRNA-driven antisense RNA Iranscripllon system was dependent 
on the use of a particular type of retroviral vector, tfie double-copy (DC) vector, in which 
the chimeric tRNA gene was inserted in the viral LTR. The use of an RNA pol Ill-based 
transcripUon system to stably express high levels of foreign RNA sequences in cells 
may have other important applications. Foremost, it may significantly improve the ability 
to inhibit endogenous genes in eucaryolic cells for the study of gene expression and 
function, whether antisense RNA, ribozymes. or competitors of sequence-specific 
binding factors are used. tRNA-driven transcription systems may be particulariy useful 
for Introducing -mutations" into the gerni line. i,e.. for generating transgenic animals or 
transgenic plants. Since tRNA genes are ubiquitously expressed in all cell types, the 
chimeric tRNA genes may be properiy expressed in all tissues of the animal, in contrast 
to the more idiosyncratic behavior of RNA pol ll-based transcription units. However, 
homologous recombination represents a more elegant although, at present, very 
cumbersome approach for Introducing mutations into the germ line. In either case, the 
ability to generate transgenic animals or plants carrying defined mutations will be an 
extremely valuable experimental tool for studying gene function in a developmental 
context and for generating animal models for human genetic disorders. In addition. 
tRNA-driven gene inhibition strategies may also be useful in creating pathogen- 
resistant livestock and plants. [References omrttedj 

Gotten and Bimstiel.1989 EMBO Jml. 8, 3861. describe the use of tRNA 
genes to increase intracellular levels of ribozynies. The authors indicate that 
the ribozyme coding sequences were placed between the A and the B box 
internal promoter sequences of the Xenopus tRNA""®' gene. They also 

indicate that the targeted hammertiead ribozymes were active in vivo. 

Yu et al., 1993 Proa Natl. Acad. Sci. USA 90. 5340. describe the use of a 
VAI promoter to express a hairpin ribozyme. The resulting transcript consisted 
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of the first 104 nucleotides of the VAI RNA. followed by the ribozyme sequence 
and the terminator sequence. 

Lleber and Strauss, 1995 A/fo/. Cellular Bio, 15. 540. inserted a 
hammerhead ribozyme sequence in the central domain of a VAI RNA. 

5 Pol Ill-based vectors are described in Stinchcomb et al.. WO 95/23225. 

Another example is provided below. 

Example 1: Stromelvsin Hammertiead ribozymes 

By engineering ribozyme motifs applicant has designed several 
ribozymes directed against stromelysin mRNA sequences. These ribozymes 
10 are synthesized with modifications that improve their nuclease resistance. 
The ability of ribozymes to cleave stromelysin target sequences in vitro is 
evaluated. 

The ribozymes are tested for function in vivo by analyzing stromelysin 
expression levels. Ribozymes are delivered to cells by incorporation into 

15 liposomes, by complexing with cationic lipids, by microinjection, and/or by 
expression from DNA/RNA vectors. Stromelysin expression is monitored by 
biological assays, ELISA, by indirect immunofluoresence, and/or by FACS 
analysis. Stromelysin mRNA levels are assessed by Northern analysis. 
RNAse protection, primer extension analysis and/or quantitative RT-PCR. 

20 Ribozymes that block the induction of stromelysin activity and/or stromelysin 
mRNA by more than 50% are identified. 

Ribozymes targeting selected regions of mRNA associated with arthritic 
disease are chosen to cleave the target RNA in a manner which preferably 
inhibits translation of the RNA. Genes are selected such that inhibition of 

25 translation will preferably Inhibit cell replication, a^. by inhibiting production 
of a necessary protein or prevent production of an undesired protein, e.g. . 
Stromelysin, Selection of effective target sites within these critical regions of 
mRNA may entail testing the accessibility of the target RNA to hybridization 
with various oligonucleotide probes. These studies can be performed using 

30 RNA or DNA probes and assaying accessibility by cleaving the hybrid 
molecule with RNaseH (see below). Alternatively, such a study can use 
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ribozyme probes designed from secondary structure predictions of the 
mRNAs, and assaying cleavage products by polyacrylamide gel 
electrophoresis (PAGE), to detect the presence of cleaved and uncleaved 
molecules. 

5 In addition, potential ribozyme target sites within the rabbit stromelysin 

mRNA sequence (1795 nucleotides) were located and aligned with the human 
target sites. Because the rabbit stromelysin mRNA sequence has an 84% 
sequence identity with the human sequence, many ribozyme target sites are 
also homologous. Thus, the rabbit has potential as an appropriate animal 

1 0 model in which to test ribozymes that are targeted to human stromelysin but 
have homologous or neariy homologous cleavage sites on rabbit stromelysin 
mRNA as well (Tables AII-AVI, AVIII & AIX ). Thirty of the 316 UH sites in the 
rabbit sequence are identical with the corresponding site in the human 
sequence with respect to at least 14 nucleotides surrounding the potential 

15 ribozyme cleavage sites. The nucleotide in the RNA substrate that is 
immediately adjacent (5') to the cleavage site is unpaired in the ribozyme- 
substrate complex (see Fig. 1) and is consequently hot included in the 
comparison of human and rabbit potential ribozyme sites. In choosing human 
ribozyme target sites for continued testing, the presence of identical or nearly 

20 identical sites In the rabbit sequence is considered. 

Example 2: Superior sites 

Potential ribozyme target sites were subjected to further analysis using 
computer folding programs (Mulfold or a Macintosh-based version of the 
following program, LRNA (Zucker (1989) Science 244 :48). to determine if 1) 
25 the target site is substantially single-stranded and therefore predicted to be 
available for interaction with a ribozyme, 2) if a ribozyme designed to that site 
is predicted to form stem II but is generally devoid of any other intramolecular 
base pairing, and 3) if the potential ribozyme and the sequence flanking both 
sides of the cleavage site together are predicted to interact correctly. The 

30 sequence of Stem 11 can be altered to maintain a stem at that position but 
minimize intramolecular basepairing with the ribozyme's substrate binding 
arms. Based on these minimal criteria, and including all the sites that are 
identical in human and rabbit stromelysin mRNA sequence, a subset of 66 
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potential superior ribozyme target sites was chosen (as first round targets) for 
continued analysis. These are SEQ. ID. NOS.: 34, 35, 37. 47, 54, 57, 61. 63. 
64. 66. 76. 77. 79. 87. 88. 96. 97. 98. 99, 100. 107. 110. 121. 126, 128, 129. 
133. 140, 146. 148, 151. 162, 170, 179, 188, 192. 194. 196. 199. 202. 203. 
5 207, 208, 218, 220. 223, 224. 225, 227, 230. 232. 236. 240; 245. 246, 256. 
259. 260. 269. 280. 281. 290. 302, 328. 335 and 353 (see Table Alii). 

Example 3: AcC9$?it?le $it9$ 

To determine If any or all of these potential superior sites might be 
accessible to a ribozyme directed to that site, an RNAse H assay is carried out. 

1 0 Using this assay, the accessibility of a potential ribozyme target site to a DNA 
oligonucleotide probe can be assessed without having to synthesize a 
ribozyme to that particular site. If the complementary DNA oligonucleotide is 
able to hybridize to the potential ribozyme target site then RNAse H. which has 
the ability to cleave the RNA of a DNA/RNA hybrid, will be able to cleave the 

15 target RNA at that particular site. Specific cleavage of the target RNA by 
RNAse H is an indication that that site is "open" or "accessible" to 
oligonucleotide binding and thus predicts that the site will also be open for 
ribozyme binding. By comparing the relative amount of specific RNAse H 
cleavage products that are generated for each DNA oligonucleotide/site, 

20 potential ribozyme sites can be ranked according to accessibility. 

To analyze target sites using the RNAse H assay. DNA oligonucleotides 
(generally 13-15 nucleotides in length) that are complementary to the potential 
target sites are synthesized. Body-labeled substrate RNAs (either full-length 
RNAs or -500-600 nucleotide subfragments of the entire RNA) are prepared 
25 by in vitro transcription in the presence of a ^^P-labeled nucleotide. 
Unincorporated nucleotides are removed from the *^^P-labeled substrate RNA 
by spin chromatography on a G-50 Sephadex column and used without 
further purification. To carry out the assay, the 32p.|abeled substrate RNA is 
pre-incubated with the specific DNA oligonucleotide (1 uM and 0.1 jiM final 

30 concentration) in 20 mM Tris-HCI. pH 7.9. 100 mM KCL 10 mM MgCl2. 0.1 mhA 
EDTA. 0.1 mM DTT at 37''c for 5 minutes. An excess of RNAse H (0.8 units/10 
^ll reaction) is added and the incubation is continued for 10 minutes. The 
reaction is quenched by the addition of an equal volume of 95% formamide. 
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20 mM EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol ^FF after 
which the sample is heated to SS^'C for 2 minutes, quick chilled and loaded 
onto a denaturing polyacrylamide gel. RNAse H-cleaved BNA products are 
separated from uncleaved RNA on denaturing polyacrylamide gels, visualized 
5 by autoradiography and the amount of cleavage product is quaintified. 

RNAse H analysis on the 66 potential ribozyme sites (round 1) was 
carried out and those DNA oligonucleotides/sites that supported the most 
RNAse H cleavage were determined. These assays were carried out using 
full-length human and rabbit stromelysin RNA as substrates. Results 

10 determined on human stromelysin RNA indicated that 23 of the 66 sites 
supported a high level of RNAse H cleavage, and an additional 13 supported 
a moderate level of RNAse H cleavage. Twenty-two sites were chosen from 
among these two groups for continued study. Two of the criteria used for 
making this choice were 1 ) that the particular site supported at least moderate 

15 RNAse H cleavage on human stromelysin RNA and 2) that the site have two or 
fewer nucleotide differences between the rabbit and the human stromelysin 
sequence. RNAse H accessibility on rabbit stromelysin RNA was determined, 
but was not used as a specific criteria for these choices. Those DNA 
oligonucleotides that are not totally complementary to the rabbit sequence 

20 may not be good indicators of the relative amount of RNAse H cleavage, 
possibly because the mismatch leads to less efficient hybridization of the DNA 
oligonucleotide to the mismatched RNA substrate and therefore less RNAse H 
cleavage is seen. 

Example 4: Analysis of Ribozvmes 

25 Ribozymes were then synthesized to 22 sites (Table AV) predicted to be 

accessible as judged the RNAse H assay. Eleven of these 22 sites are 
identical to the corresponding rabbit sites. The 22 sites are SEQ. ID. NOS.: 
34, 35. 57, 125. 126, 127, 128. 129, 140. 162, 170. 179, 188. 223. 224. 236. 

245, 246, 256, 259. 260, 281. The 22 ribozymes were chemically synthesized 
30 with recognition amis of either 7 nucleotides or 8 nucleotides, depending on 
which ribozyme alone and ribozyme-substrate combinations were predicted 
by the computer folding program (Mulfold) to fold most correctly. After 
synthesis, ribozymes are either purified by HPLC or gel purified. 
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These 22 ribozymes were then tested for their ability to cleave both 
human and rabbit full-length stromelysin RNA. Full-length, body-labeled 
stromelysin RNA is prepared by in vitro transcription in the presence of [a- 
^2p]CTP, passed over a G 50 Sephadex column by spin chromatography and 
5 used as substrate RNA without further purification. Assays are perfonned by 
prewarming a 2X concentration of purified ribozyme in ribozyme cleavage 
buffer (50 mM Tris-HCI, pH 7.5 at 37°C. 10 mM MgCl2) and the cleavage 
reaction is Initiated by adding the 2X ribozyme mix to an equal volume of 
substrate RNA (maximum of 1-5 nM) that has also been prewarmed in 

10 cleavage buffer. As an initial screen, assays are carried out for 1 hour at 37**C 
using a final concentration of 1 ^iM and 0.1 \iM ribozyme, l^, ribozyme 
excess. The reaction Is quenched by the addition of an equal volume of 95% 
fomiamide, 20 mM EDTA. 0.05% bromophenol blue and 0.05% xylene cyanol 
FF after which the sample is heated to 95*C for 2 minutes, quick chilled and 

1 5 loaded onto a denaturing polyacrylamide gel. Full-length substrate RNA and 
the specific RNA products generated by ribozyme cleavage are visualized on 
an autoradiograph of the gel. 

.Of the 22 ribozymes tested, 21 were able to cleave human and rabbit 
substrate RNA in vitro in a site-specific manner, in all cases, RNA cleavage 

20 products of the appropriate lengths were visualized. The size of the RNA was 
judged by comparison to molecular weight standards electrophoresed in 
adjacent lanes of the gel. The fraction of substrate RNA cleaved during a 
ribozyme reaction can be used as an assessment of the activity of that 
ribozyme in vitro. The activity of these 22 ribozymes on full-length substrate 

25 RNA ranged from approximately 10% to greater than 95% of the substrate 
RNA cleaved in the ribozyme cleavage assay using 1 p.M ribozyme as 
described above. A subset of seven of these ribozymes was chosen for 
continued study. These seven ribozymes (denoted in Table AV) were among 
those with the highest activity on both human and rabbit stromelysin RNA. 

30 Five of these seven sites have sequence identity between human and rabbit 
stromelysin RNAs for a minimum of 7 nucleotides in both directions flanking 
the cleavage site. These sites are 883. 947, 1132, 1221 and 1410. and the 
ribozymes are SEQ. ID. NOS.: 368. 369, 370. 371. 372, 373, and 374. 
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ExampteS: Arm Length Twts 

In order to test the effect of arm length variatigns on the cleavage activity 
of a ribozyme to a particular site in vitro, ribozymes to these seven sites were 
designed that had alterations in the binding ami lengths. For each site, a 
5 complete set of ribozymes was synthesized that included ribozymes with 
binding arms of 6 nucleotides, 7 nucleotides, 8 nucleotides, 10 nucleotides 
and 12 nucleotides, Lfi*. 5 ribozymes to each site. These ribozymes were gel- 
purified after synthesis and tested in ribozyme cleavage assays as described 
above. 

1 0 After analysis of the 35 ribozymes, five ribozymes with varied ami lengths 

to each of these seven sites, it was clear that two ribozymes were the most 
active in vitro. These two ribozymes had seven nucleotide arms directed 
against human sequence cleavage sites of nucleotide 617 and nucleotide 
820. These are referred to as RZ 61 7H 7/7 and RZ 820H 7/7 denoting the 

1 5 human (H) sequence cleavage site (617 or 820) and the ami length on the 5' 
and 3' side of the ribozyme molecule. 

Example - Testing t he efficacy of ribozvmes in cell culture 

The two most active ribozymes in vitro (RZ 617H 7/7 and RZ 820H 7/7) 
were then tested for their ability to cleave stromelysin mRNA in the cell. 

20 Primary cultures of human or rabbit synovial fibroblasts were used in these 
experiments. For these efficacy tests, ribozymes with 7 nucleotide amis were 
synthesized with 2* O- methyl modifications on the 5 nucleotides at the 5' end 
of the molecule and on the 5 nucleotides at the 3' end of the molecule. For 
comparison, ribozymes to the same sites but with 12 nucleotide arms (RZ 

25 617H 12/12 and RZ 820H 12/12) were also synthesized with the 2' O methyl 
modifications at the 5 positions at the end of both binding arms. Inactive 
ribozymes that contain 2 nucleotide changes in the catalytic core region were 
also prepared for use as controls. The catalytic core in the inactive ribozymes 
is C U LLA UGAGGCCGAAAGGCCGAiL versus 

30 CUfiAUGAGGCCGAAAGGCCGAA in the active ribozymes. The inactive 
ribozymes show no cleavage activity in vitro when measured on full-length 
RNA in the typical ribozyme cleavage assay at a 1 nM concentration for 1 
hour. 
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The general assay was as follows: Fibroblasts, which produce 
stromelysin, are serum-starved overnight and ribozymes or controls are 
offered to the cells the next day. Cells are maintained in serum-free media. 
The ribozyme can be applied to the cells as free ribozyme. or In association 
5 with various delivefy vehicles such as cationic lipids (including Transfectam'^'^, 
Lipofectin'^*^ and Lipofectamine^"). conventional liposomes, non-phospholipid 
liposomes or biodegradable polymers. At the time of ribozyme addition, or up 
to 3 hours later. Interteukln-la (typically 20 units/ml) can be added to the cells 
to induce a large increase in stromelysin expression. The production of 
1 0 stromelysin can then be monitored over a time course, usually up to 24 hours. 

If a ribozyme is effective in cleaving stromelysin mRNA within a cell, the 
amount of stromelysin mRNA will be decreased or eliminated. A decrease in 
the level of cellular stromelysin mRNA. as well as the appearance of the RNA 
products generated by ribozyme cleavage of the full-length stromelysin mRNA. 

1 5 can be analyzed by methods such as Northern blot analysis. RNAse protection 
assays and/or primer extension assays,. The effect of ribozyme cleavage of 
cellular stromelysin mRNA on the production of the stromelysin protein can 
also be mea?^ by a number of assays. These include the ELISA (Enzyme- 
Linked Immune Sorbent Assay) and an immunofluorescence assay described 

20 below. In addition, functional assays have been published that monitor 
stromelysin's enzymatic activity by measuring degradation of its primary 
substrate, proteoglycan. 

Example 7: Analvsis of Stromelysin Protein 

Stromelysin secreted into the media of Interleukin-la-induced human 
25 synovial fibroblasts was measured by ELISA using an antibody that 
recognizes human stromelysin. Where present, a Transfectam^^-ribozyme 
complex (0.15 \iM ribozyme final concentration) was offered to 2-4 x 10^ 
serum-starved cells for 3 hours prior to induction with lnterleukin-1a. The 

Transfectam^** was prepared according to the manufacturer (Promega Corp.) 

30 except that 1:1 (w/w) dioleoyi phosphatldylethanolamine was included. The 
Transfectam^'^^-ribozyme complex was prepared in a 5:1 charge ratio. Media 
was han^ested 24 hours after the addition of Inter1eukih-1a. The control (NO 
RZ) is Transfectam^*^ alone applied to the cell. Inactive ribozymes, with 7 
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nucleotide arms or 12 nucleotide ams have the two inactivating changes to 
the catalytic core that are described above. Cell samples were prepared in 
duplicate and the assay was carried out on several dilutions of the conditioned 
media from each sample. Results of the ELISA are presented below as a 
5 percent of stromelysin present vs. the control (NO R2) which is set at 100%. 

R2 TARGET SITg 

TREATMEhrr 617H ' b20H 

RZ7/7 06.83 07,06 

12/12 18.47 33.90 

10 INACTIVE R2 7/7 lOO 100 

INACTIVE RZ 12/12 100 100 

NO R2 CONTROL 1 00 100 



1 5 The results above clearly indicate that treatment with active ribozyme, 

either R2 61 7H 7/7 and RZ 820H 7/7, has a dramatic effect on the amount of 
stromelysin secreted by the cells. When compared to untreated, control cells 
or cells treated with inactive ribozymes, the level of stromelysin was 
decreased by approximately 93%. Ribozymes to the same sites, but 

20 synthesized with 12 nucleotide binding arms, were also efficacious, causing a 
decrease in stromelysin to -66 to -81% of the control. In previous in vitro 
ribozyme cleavage assays. RZ 61 7H 7/7 and RZ 820H 7/7 had better cleavage 
activity on full-length RNA substrates than ribozymes with 12 nucleotide arms 
directed to the same sites {617H 12/12 and RZ 820H 12/12). 

25 Example 8: Immunofluorescent Assav 

An alternative method of stromelysin detection is to visualize stromelysin 
protein in the cells by immunofluorescence. For this assay, cells are treated 
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with monensin to prevent protein secretion from the cell. The stromelysin 
retained by the cells after monensin addition can then be visualized by 
immunofluorescence using either conventional or confocal microscopy. 
Generally, cells were serum-starved overnight and treated with ribozyme the 
5 following day for several hours. Monensin was then added and after -5-6 
hours, monensin-treated cells were fixed and permeabilized by standard 
methods and incubated with an antibody recognizing human stromelysin. 
Following an additional incubation period with a secondary antibody that is 
conjugated to a fluorophore. the cells were observed by microscopy. A 
10 decrease in the amount of fluorescence in ribozyme-treated cells, compared to 
cells treated with inactive ribozymes or media alone, indicates that the level of 
stromelysin protein has been decreased due to ribozyme treatment. 

As visualized by the immunofluorescence technique described above, 
treatment of human synovial fibroblasts with either RZ 617H 7/7 or RZ 820H 

15 7/7 (final concentrations of 1.5 jiM free ribozyme or 0.15 \iM ribozyme 
complexed with Transfectam^ resulted in a significant decrease in 
fluorescence, and therefore stromelysin protein, when compared with controls. 
Controls consisted of tre ihg with media or Transfectam^ alone. Treatment 
of the cells with the corresponding inactive ribozymes with two inactivating 

20 changes in the catalytic core resulted in immunofluorescence similar to the 
controls without ribozyme treatment. 

Rabbit synovial fibroblasts were also treated with RZ 617H 7/7 or RZ 
820H 7/7, as well as with the two con-esponding ribozymes (RZ 617R 7/7 or RZ 
820R 7/7) that each have the appropriate one nucleotide change to make 

25 them completely complementary to the rabbit target sequence. Relative to 
controls that had no ribozyme treatment, immunofluorescence in Interieukin- 
1a-induced rabbit synovial fibroblasts was visibly decreased by treatment with 
these four ribozymes, whether specific for rabbit or human mRNA sequence. 
For the immunofluorescence study In rabbit synovial fibroblasts, the antibody 

30 to human stromelysin was used. 

Example 9: Ribozym e Cleavage of Cellular RNA 



The following method was used in this example. 
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Primer extension sj^^^y 

The primer extension assay was used to detect full-length RNA as well as 
the 3' ribozyme cleavage products of the RNA of interest. The method 
Involves synthesizing a DNA primer (generally -20 nucleotides In length) that 
5 can hybridize to a position on the RNA that is downstream (3') of the putative 
ribozyme cleavage site. Before use. the primer was labeled at the 5' end with 
32p[ATP] using T4 polynucleotide kinase and purified from a gel. The labeled 
primer was then incubated with a population of nucleic acid isolated from a 
cellular lysate by standard procedures. The reaction buffer was 50 mM Tris- 

10 HCI. pH 8.3, 3 mM MgCl2, 20 mM KCI, and 10 mM DTT. A 30 minute 
extension reaction follows, in which all DNA primers that have hybridized to 
the RNA were substrates for reverse transcriptase, an enzyme that will add 
nucleotides to the 3' end of the DNA primer using the RNA as a template. 
Reverse transcriptase was obtained from Life Technologies and is used 

15 essentially as suggested by the manufacturer. Optimally, reverse 
transcriptase will extend the DNA primer, fonming cDNA. until the end of the 
RNA substrate is reached. Thus, for ribozyme-cleaved RNA substrates, the 
cDNA product will be shorter the resulting cDNA product of a full-length, 
or uncleaved RNA substrate. The differences in size of the 32p,|atieled 

20 cDNAs produced by extension can then be discriminated by electrophoresis 
on a denaturing polyacrylamide gel and visualized by autoradiography. 

Strong secondary structure in the RNA substrate can, however, lead to 
premature stops by reverse transcriptase. This background of shorter cDNAs 
is generally not a problem unless one of these prematurely terminated 
25 products electrophoreses in the expected position of the ribozyme-cleavage 
product of interest. Thus, 3' cleavage products are easily identified based on 
their expected size and their absence from control lanes. Strong stops due to 
secondary structure in the RNA do, however, cause problems in trying to 
quantify the total full-length and cleaved RNA present. For this reason, only 

30 the relative amount of cleavage can easily be detemiined. 

The primer extension assay was carried out on RNA isolated from cells 
that had been treated with Transfectam^*^-complexed R2 617H 7/7. R2 820H 
7/7, R2 617H 12/12 and R2 820H 12/12. Control cells had been treated with 
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Transfectam^*^ alone. Primer extensions on RNA from cells treated with the 
TransfectamT"^ complexes of the inactive versions of these four ribozymes 
were also prepared. The 20 nucleotide primer sequence Is 5* 
AATGAAAACGAGGTCCTTGC 3* and it is complementary to a region about 
285 nucleotides downstream of ribozyme site 820. For ribozymes to site 617, 
the cDNA length for the 3' cleavage product is 488 nucleotides, for 820 the 
cDNA product is 285 nucleotides. Full-length cDNA will be 1105 nucleotides 
in length. Where present, 1 ml of 0.15 iiM ribozyme was offered to -2-3 x 10^ 
serum-stan/ed human synovial fibroblasts. After 3 hours, 20 units/ml 
Interleukin-la was added to the cells and the incubation continued for 24 
hours. 

32p-iabeled cDNAs of the correct sizes for the 3* products were clearly 
visible in lanes that contained RNA from cells that had been treated with active 
ribozymes to sites 617 and 820. Ribozymes with 7 nucleotide arms were 
judged to be more active than ribozymes with 12 nucleotide arms by 
comparison of the relative amount of 3' cleavage product visible. This 
correlates well with the data obtained by ELISA analysis of the conditioned 
media from these same samples: Ir. fuldition. no cDNAs con-esponding to the 
3' cleavage products were visible following treatment of the cells with any of 
the inactive ribozymes. 

To insure that ribozyme cleavage of the RNA substrate was not occurring 
during the preparation of the cellular RNA or during the primer extension 
reaction itself, several controls have been carried out. One control was to add 
body-labeled stromelysin RNA, prepared by in vitro transcription, to the 
cellular lysate. This lysate was then subjected to the typical RNA preparation 
and primer extension analysis except that non-radioactive primer was used. If 
ribozymes that are present in the cell at the time of cell lysis are active under 
any of the conditions during the subsequent analysis, the added, body-labeled 
stromelysin RNA will become cleaved. This, however, is not the case. Only 
full-length RNA was visible by gel analysis, no ribozyme cleavage products 
were present. This is evidence that the cleavage products detected in RNA 
from ribozyme-treated cells resulted from ribozyme cleavage in the cell, and 
not during the subsequent analysis. 
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Example 10: RMfrsR Protection Assay 

By RNAse protection analysis, both the 3' and the 5' products generated 
by ribozyme cleavage of the substrate RNA in a cell can be identified. The 
RNAse protection assay is earned out essentially as described in the protocol 
5 provided with the Lysate Ribonuclease Protection Kit (United States 
Biochemical Corp.) The probe for RNAse protection is an RNA that is 
complementary to the sequence surrounding the ribozyme cleavage site. 
This "antisense" probe RNA is transcribed in vitro from a template prepared by 
the polymerase chain reaction in which the 5* primer was a DNA 

10 oligonucleotide containing the T7 promoter sequence. The probe RNA is 
body labeled during transcription by including ^^P[CTP] in the reaction and 
purified away from unincorporated nucleotide triphosphates by 
chromatography on G-SO Sephadex. The probe RNA (100,000 to 250.000 
cpms) is allowed to hybridize overnight at 37^0 to the RNA from a cellular 

1 5 lysate or to RNA purified from a cell lysate. After hybridization, RNAse T^ and 
RNAse A are added to degrade all single-stranded RNA and the resulting 
products are analyzed by gel electrophoresis and autoradiography. By this 
analysis, full-length, uncleaved target RN/. ^/ill protect the full-length probe. 
For ribozyme-cleaved target RNAs. only a portion of the probe will be 

20 protected from RNAse digestion because the cleavage event has occurred in 
the region to which the probe binds. This results in two protected probe 
fragments whose size reflects the position at which ribozyme cleavage occurs 
and whose sizes add up to the size of the full-length protected probe. 

RNAse protection analysis was carried out on cellular RNA isolated from 
25 rabbit synovial fibroblasts that had been treated either with active or inactive 
ribozyme. The ribozymes tested had 7 nucleotide amis specific to the rabbit 
sequence but corresponding to human ribozyme sites 617 and 820 (i.e. RZ 
61 7R 7/7, RZ 820R 7/7). The inactive ribozymes to the same sites also had 7 
nucleotide anns and included the two inactivating changes described above. 
30 The inactive ribozymes were not active on full-length rabbit stromelysin RNA in 

a typical 1 hour ribozyme cleavage reaction In vitro at a concentration of 1 nM. 
For all samples, one ml of 0.15 jiM ribozyme was administered as a 
Transfectam^^ complex to serum-starved cells. Addition of lnterleukin-1a 
followed 3 hours later and cells were harvested after 24 hours. For samples 
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from cells treated with either active ribozyme tested, the appropriately-sized 
probe fragments representing ribozyme cleavage products were visible. For 
site 617, two fragments corresponding to 125 and 297 nucleotides were 
present, for site 820 the two fragments were 328 and 94 nucleotides in length. 
5 No protected probe fragments representing RNA cleavage products were 
visible in RNA samples from cells that not been treated with any ribozyme. or 
in cells that had received the inactive ribozymes. Full-length protected probe 
(422 nucleotides in length) was however visible, indicating the presence of 
full-length, uncleaved stromelysin RNA in these samples. 

10 Delivery of Free and Transfectam-Com olaxed Ribozymes to Rbroblasts 

Ribozymes can be delivered to fibroblasts complexed to a cationic lipid 
or in free form. To deliver free ribozyme, an appropriate dilution of stock 
ribozyme (final concentration is usually 1.5 jiM) is made in serum-free 
medium; if a radioactive tracer is to be used (Lfi^, ^^P), the specific activity of 

15 the ribozyme is adjusted to 800-1200 cpm/pmol. To deliver ribozyme 
complexed with the cationic lipid Transfectam. the lipid is first prepared as a 
stock solution containing 1/1 (w/w) dioleoylp»K;=phatidylcholine (DOPE). 
Ribozyme is mixed with the Transfectam/DOPE mixture at a 1/5 (RZ/TF) charge 
ratio; for a 36-mer ribozyme, this is a 45-fold molar excess of Transfectam 

20 (Transfectam has 4 positive charges per molecule). After a 10 min incubation 
at room temperature, the mixture is diluted and applied to cells, generally at a 
ribozyme concentration of 0.15 \iM. For 32p experiments, the specific activity 
of the ribozyme is the same as for the free ribozyme experiments. 

After 24 hour, about 30% of the offered Transfectam-ribozyme cpm's are 
25 cell-associated (in a nuclease-resistant manner). Of this, about 10-15% of the 
cpm's represent intact ribozyme; this is about 20-25 million ribozymes per cell. 
For the free ribozyme. about 0.6% of the offered dose is cell-associated after 
24 hours. Of this, about 10-15% is intact; this is about 0.6-0.8 million 
ribozymes per cell. 

30 Example U : In wYro cleavage of stromel ysin mRNA bv HH ribozvmes 

In order to screen for additional HH ribozyme cleavage sites, ribozymes, 
targeted against some of the sites listed in example 2 and Table 3. were 
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synthesized. These ribozymes were extensively modified such that: 5' 
terminal nucleotides contain phosphorothioate substitutions; except for five 
ribose residues in the catalytic core, all the other 2*-hydroxyl groups within the 
ribozyme were substituted with either 2'-0-methyl groups or 2'-C-allyl 
5 modifications. The aforementioned modifications are meant to be non-limiting 
modifications. Those skilled in the art will recognize that other embodiments 
can be readily generated using the techniques known in the art. 

These ribozymes were tested for their ability to cleave RNA substrates in 
vitro. Referring to Fig. 7. in vitro RNA cleavage by HH ribozymes targeted to 

10 sites 21, 463, 1049, 1366. 1403. 1410 and 1489 (SEQ. ID. NOS. 35. 98. 202. 
263. 279, 281 and 292 respectively) was assayed at 37**C. Substrate RNAs 
were 5' end-labeled using Iy-32p)atP and T4 polynucleotide kinase enzyme. 
In a standard cleavage reaction under "ribozyme excess" conditions, -1 nM 
substrate RNA and 40 nM ribozyme were denatured separately by heating to 

15 90"C for 2 min followed by snap cooling on ice for 10 min. The substrate and 
the ribozyme reaction mixtures were renatured in a buffer containing 50 mM 
Tris-HCI. pH 7.5 and 10 mM MgCl2 at 37**C for 10 min. Cleavage reaction 
was initiated by mixing the ribozyme and the substrat; FiNA and incubating at 
37'*C. Aliquots of 5 ^1 were taken at regular intervals of time and the reaction 

20 quenched by mixing with an equal volume of formamide stop mix. The 
samples were resolved on a 20% polyacrylamide/urea gel. 

A plot of percent RNA substrate cleaved as a function of time is shown in 
Fig. 7. The plot shows that all six HH ribozymes cleaved the target RNA 
efficiently. Some HH ribozymes were, however, more efficient than others 
25 1049HH cleaves faster than 1366HH). 

RibQZvme Efficacv Assav in Cultured HS>27 Ce lls (Used in the Following 

Ribozymes were assayed on either human foreskin fibroblasts(HS-27) 
cell line or primary human synovial fibroblasts (HSF). All cells were plated the 
30 day before the assay in media containing 10% fetal bovine serum in 24 well 
plates at a density of 5x1 0"^ cells/well. At 24 hours after plating, the media 
was removed from the wells and the monolayers were washed with Dulbeccos 
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phosphate buffered saline (PBS). The cells were serum starved for 24 h by 
Incubating the cells in media containing 0.5% fetal bovine serum (FBS; 1 
ml/well). Ribozyme/lipid complexes were prepared as follows: Ribozymes and 
LipofectAMINE were diluted separately in serum-free OMEM plus 20 mM 
5 Hopes pH 7.3 to 2X final concentration, then equal volumes were combined, 
vortexed and incubated at 37X for 15 minutes. The charge ratio of 
LipofectAmine: ribozyme was 3:1. Cells were washed twice with PBS 
containing Ca2+ and Mg2+, Cells were then treated the ribozyme/lipid 
complexes and incubated at 37**C for 1.5 hours. FBS was then added to a 

10 final concentration of 10%. Two hours after FBS addition, the ribozyme 
containing solution was removed and 0.5 ml DMEM containing 50 u/ml IL-1 , 
10% FBS. 20 mM Hepes pH 7.3 added. Supematants were harvested 16 
hours after IL-1 induction and assayed for stromelysin expression by ELISA. 
Polyclonal antibody against Matrix Metalloproteinase 3 (Biogenesis, NH) was 

15 used as the detecting antibody and anti-stromelysin monoclonal antibody 
was used as the capturing antibody in the sandwich ELISA (Maniatis et al.. 
supra) to measure stromelysin expression. 

Example 12: Ribozvme-Mediated Inhibitio n of Stromelvsin F x oression in 
human fibroblast cells 

20 Referring to Figs. 8 through 13, HH ribozymes, targeted to sites 21. 463. 

1049. 1366. 1403. 1410 and 1489 within human stromelysin- 1 mRNA. were 
transfected into HS-27 fibroblast or HSF cell line as described above. 
Catalytically inactive ribozymes that contain 2 nucleotide changes in the 
catalytic core region were also synthesized for use as controls. The catalytic 

25 core in the inactive ribozymes was CUUAUGAGGCCGAAAGGCCGAU versus 
CUfiAUGAGGCCGAAAGGCCGAA in the active ribozymes. The inactive 
ribozymes show no cleavage activity in vitro when measured on full-length 
RNA in the typical ribozyme cleavage assay at a 1 uM concentration for 1 
hour. Levels of stromelysin protein were measured using a sensitive ELISA 

30 protocol as described above. + IL-1 in the figures mean that cells were 
treated with IL-1 to induce the expression of stromelysin expression. -IL-1 
means that the cells were not treated. Figs. 8 through 13 show the dramatic 
reduction in the levels of stromelysin protein expressed in cells that were 
transfected with active HH ribozymes. This decrease in the level of 
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stromelysin production is over and above some non-specific inhibition seen in 
ceils that were transfected with catalytlcally inactive ribozymes. There Is on an 
average a greater than 50% Inhibition in stromelysin production (In cells 
transfected with active HH ribozymes) when compared with control cells that 
were transfected with inactive ribozymes. These results suggest that the 
reduction in stromelysin production in HS-27 cells is mediated by sequence- 
specific cleavage of human stromelysin-1 mRNA by catalyticaliy active HH 
ribozymes. Reduction in stromelysin protein production in cells transfected 
with catalyticaliy inactive ribozymes may be due to some "antisense effect" 
caused by binding of the inactive ribozyme to the target RNA and physically 
preventing translation. 

Example 13: RiboT^vme-mediated inhibition of stromalyfiin exores.«;inn 
Rabbit Knea 

In order to extend the ribozyme efficacy in cell culture, applicant has- 
15 chosen to use rabbit knee as a reasonable animal model to study ribozyme- 
mediated inhibition of rabbit stromelysin protein expression. Applicant 
selected a HH ribozyme (1049HH). targeted to site 1049 wit!:;n human 
stromeiysln-1 mRNA. for animal studies because site 1049 is 100% identical 
to site 1060 (Tables Alll and AVI) within rabbit stromelysin mRNA. This has 
enabled applicant to compare the efficacy of the same ribozyme in human as 
well as in rabbit systems. 



20 



Male New Zealand White Rabbits (3-4 Kg) were anaesthetized with 
ketamlne-HCWcylazine and injected intra-articulariy (I.T.) in both knees with 
100 Jig ribozyme (e.g., SEQ. ID. NO. 202) in 0.5 ml phosphate buffered saline 
25 (PBS) or PBS alone (Controls). The IL-1 (human recombinant IL-1a. 25 rig) 
was administered I.T.. 24 hours following the ribozyme administration. Each 
rabbit received IL-1 in one knee and PBS alone in the other. The synovium 
was harvested 6 hours post IL-1 infusion, snap frozen in liquid nitrogen, and 

Stored at -80»C. Total RNA is extracted with TRIzcl reagent (GIBCO BRL. 
Gaithersburg, I^D). and was analyzed by Northern-blot analysis and/or 
RNase-protection assay. Briefly. 0.5 jig cellular RNA was separated on 1.0 % 
agarose/formaldehyde gel and transferred to Zeta-Probe GT nylon membrane 
(Bio-Rad. Hercules. CA) by capillary transfer for -16 hours. The blots were 
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baked for two hours and then pre-hybridized for 2 hours at 65'C In 10 ml 
Church hybridization buffer (7 % SDS, 500 mM phosphate, 1 mM EDTA, 1% 
Bovine Serum Albumin). The blots were hybridized at 65^C for -16 hours with 
106 cpm/ml of full length 32p.|abeled complementary RNA (cRNA) probes to 
5 rabbit stromelysin mRNA (cRNA added to the pre-hybridization buffer along 
with 100 \i\ lOmg/ml salmon sperm DNA). The blot was rinsed once with 5% 
SDS, 25 mM phosphate, 1 mM EDTA and 0.5% BSA for 10 min at room 
temperature. This was followed by two washes (10 min each- wash) with the 
same buffer at 65**C. which was then followed by two washes (10 min each 
10 wash) at 65^C with 1% SDS. 25 mM phosphate and 1 mM EDTA. The blot 
was autoradiographed. The blot was reprobed with a 100 nt cRNA probe to 
IBS rRNA as described above. Following autoradiography, the stromelysin 
expression was quantified on a scanning densitometer, which is followed by 
nomialization of the data to the 18S rRNA band intensities. 

15 As shown in Figs. 14-16, catalytically active 1049HH ribozyme mediates 

a decrease in the expression of stromelysin expression in rabbit knees. The 
inhibition appears to be sequence-specific and ranges from 50-70%. 

Example 14: Phosphorothioate-substitut ed Ribozvmes inhibit stromfilysin 
expression in R abbit Knee 

20 Ribozymes containing four phosphorothioate linkages at the 5' termini 

enhance ribozyme efficacy in mammalian cells. Referring to Fig. 17, applicant 
has designed and synthesized hammerhead ribozymes targeted to site 1049 
within stromelysin RNA, wherein, the ribozymes contain five phosphorothioate 
linkages at their 5' and 3* temiini. Additionally, these ribozymes contain 2 -O- 

25 methyl substitutions at 30 nucleotide positions, 2'-C-allyl substitution at U4 
position and 2'-OH at five positions (Fig 17A). As described above, these 
ribozymes were administered to rabbit knees to test for ribozyme efficacy. The 
1049 U4-C-allyl P=S active ribozyme shows greater than 50 % reduction in 

the level of stromelysin RNA in rabbit knee. Catalytically inactive version of 
30 the 1049 U4-C-allyl P=S ribozyme shows -30% reduction in the level of 
stromelysin RNA. 
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Referring to Fig. 18. applicant has also designed and synthesized 
hammerhead ribozymes targeted to three distinct sites within stromelysin RNA, 
wherein, the ribozymes contain four phosphorothioate linkages at their 5' 
termini. Additionally, these ribozymes contain 2*-0-methyl substitutions at 29 
5 nucleotide positions, 2'-amino substitutions at U4 and U7 positions and 2'-OH 
at five positions. As described above, these ribozymes were administered to 
rabbit knees to test for ribozyme efficacy. As shown in Figures 18-21, 
ribozymes targeted to sites 1049, 1363 and 1366 are all efficacious in rabbit 
knee. All three ribozymes decreased the level of stromelysin RNA in rabbit 
1 0 knee by about SO %. 

Sequences and chemical modifications described in figures 17 and 18 
are meant to be non-limiting examples. Those skilled in the art will recognize 
that similar embodiments with other ribozymes and ribozymes containing 
other chemical modifications can be readily generated using techniques 
1 5 known in the art and are within the scope of the present invention. 

Applicant has shown that chemical modifications, such as 6-methyl U 
and abasic (nucleotide containing no base) moieties can be substituted a' 
certain positions within the ribozyme, for example U4 and U7 positions, 
without significantly effecting the catalytic activity of the ribozyme. Similariy. 
20 3'-3' linked abasic inverted ribose moieties can be used to protect the 3' ends 
of ribozymes in place of an inverted T without effecting the activity of the 
ribozyme. 

B7-1, B7-2, B7-3 and CD40 are attractive ribozyme targets by several 
criteria. The molecular mechanism of T cell activation is well-established. 
25 Efficacy can be tested in well-defined and predictive animal models. The 
clinical end-point of graft rejection is clear. Since delivery would be ex vivo, 
treatment of the correct cell population would be assured. Finally, the disease 
condition is serious and current therapies are inadequate. Whereas protein- 

based therapies would induce energy against all antigens encountered during 
30 the several week treatment period, ex vivo ribozyme therapy provides a direct 
and elegant approach to truly donor-specific energy. 
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Similarly, autoimmune diseases and allergies can be prevented or 
treated by reversing the devastating course of immune response to self- 
antigens. Specifically, nucleic acids of this inventions can dampen the 
response to naturally occuring antigens. 

5 Example 15: B7-1. B7-2. B7>3 and/or CD4Q Hammerhead ribozymes 

By engineering ribozyme motifs we have designed several ribozymes 
directed against B7-1, B7-2, B7-3 and/or CD40 encoded mRNA sequences. 
These ribozymes were synthesized with modifications that improve their 
nuclease resistance. The ability of ribozymes to cleave target sequences in 
1 0 vitro was evaluated. 

Several common human cell lines are available that can be induced to 
express endogenous B7-1 . 87-2. B7-3 and/or CD40 , Alternatively, murine 
splenic cells can be isolated and induced, to express B7-1 or 87-2, with IL-4 or 
recombinant CD40 ligand. B7-1 and B7-2 can be detected easily with 
15 monoclonal antibodies. Use of appropriate flourescent reagents and 
flourescence-activated cell-sorting (FACS) will pennit direct quantitation of 
surface B7-1 and B7-2 on a cell-by-cell basis. Active ribozymes are expected 
to directly reduce B7-1 or 87-2 expression, Ribozymes targeted to CD40 
would prevent induction of B7-2 by CD40 ligand. . 

20 Several animal models of transplantation are available - Mouse, rat. 

Porcine model (Fodor et al.. 1994, Proc. NatL Acad ScL USA 91, 11153): or 
Baboon (reviewed by Nowak, 1994 Science 266, 1148). B7-1, 87-2, 87-3 
and/or CD40 protein levels can be measured clinically or experimentally by 
FACS analysis. B7-1, B7-2, B7-3 and/or CD40 encoded mRNA levels will be 

25 assessed by Northern analysis, RNase-protection, primer extension analysis 
and/or quantitative RT-PCR. Ribozymes that block the induction of B7-1, 87- 
2. 87-3 and/or CD40 activity and/or 87-1, B7-2, 87-3 and/or CD40 protein 
encoding mRNAs by more than 20% in vitro will be identified. 

Several animals models of autoimmune disorders are available- allergic 
30 encephalomyelitis (EAE) in Lewis rats (Carison et al.. 1993 Ann. N.Y. Acad. 
Sci. 685. 86); animal models of multiple sclerosis (Wekerie et al.. 1994 Ann. 
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Neurol. 36, s47) and rheumatoid arthritis (van Laar et al., 1994 CherTi. 
Immunol. 58, 206). 

Several animal models of allergy are available and are reviewed by 
Kemeny and Diaz-Sanchez, 1990, Clin. Exp. Immunol. 82. 423 and Pretolani 
5 et al., 1994 Ann. N.Y.Acad. Sci, 725. 247). 

RNA ribozymes and/or genes encoding them will be delivered by either 
free delivery, liposome delivery, cationic lipid delivery, adeno-associated virus 
vector delivery, adenovirus vector delivery, retrovirus vector delivery or 
plasmid vector delivery in these animal model experiments (see above). One 
1 0 dose of a ribozyme vector that constltutively expresses the ribozyme or one or 
more doses of a stable anti-B7-1. B7-2, B7-3 and/or CD40 ribozymes or a 
transiently expressing ribozyme vector to donor APC. followed by infusion into 
the recipient may reduce the incidence of graft rejection. Altematively, graft 
tissues may be treated as described above prior to transplantation. 

15 Example 16: Svnthesis of 6>methvt-u ridine phosphoramidite 

Referring to Figure 30, the suspension of 6-methyl-uracil (2.77g, 21.96 
mmol) in the mixture of hexamethyldisilazane (50mL) and dry pyridine (50mL) 
was refluxed for three hours. The resulting clear solution of trimethylsilyl 
derivative of 6-methyl uracyl was evaporated to dryness and coevaporated 2 

20 times with dry toluene to remove traces of pyridine. To the solution of the 
resulting clear oil, in dry acetonltrile, 1-0-acetyl-2\3',5*-tri-0-benzoyl-b-D- 
ribose (lO.lg, 20 mmol) was added and the reaction mixture was cooled to 
O^C. To the above stirred solution, trimethylsilyl trifluoromethanesulfonate 
(4.35 mL, 24 mmol) was added dropwise and the reaction mixture was stirred 

25 for 1.5 h at O^C and then 1h at room temperature. After that the reaction 
mixture was diluted with dichloromethane washed with saturated sodium 
bicarbonate and brine. The organic layer was evaporated and the residue 
was purified by flash chromatography on silica gel with ethylacetate-hexane 
(2:1) mixture as an eluent to give 9.5g (83%) of the compound 2 and 0.8g of 

30 the corresponding Nl,N3-bis-derivative. 

To the cooled (-IQOC) solution of the compound (4.2g, 7.36 mmol) in the 
mixture of pyridine (60 mL) and methanol (10 mL) ice-cooled 2M aqueous 
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solution of sodium hydroxide (16 mL) was added with constant stirring. The 
reaction mixture was stirred at -lO'C for additional 30 minutes and then 
neutralized to pH 7 with Oowex 50 (Py+). The resin was filtered off and 
washed with a 200 mL mixture of H2O • Pyridine (4:1). The combined "mother 
5 liquor" and the washings were evaporated to dryness and dried by multiple 
coevaporation with dry pyridine. The residue was redissoived in dry pyridine 
and then mixed with dimethoxytrityl chloride (2.99g. 8.03 mmol). The reaction 
mixture was left ovemight at room temperature. Reaction was-quenched with 
methanol (25 mL) and the mixture was evaporated. The residue was 
10 dissolved in dichloromethane. washed with saturated aqueous sodium 
bicarbonate and brine. The organic layer was dried over sodium sulfate and 
evaporated. The residue was purified by flash chromatography on silica gel 
using linear gradient of MeOH (2% to 5%) in CH2CI2 as eluent to give 3.4g 
(83%) of the compound 6. 

^5 Example 17: Synthesis of 6-methvl-cvtidine ohosphoramiditft 

Triethylamine (13.4 ml. 100 mmol) was added dropwise to a stirred ice- 
cooled mixture of 1.2.4-tria2ole (6.22g. 90 mmol) and phosphorous 
oxychloride (1.89 ml. 20 mmol) In 50 ml of anhydrous acetonitrile. To the 
resulting suspension the solution of 2',3*.5'-tri-0-8enzoyl-6-methyl uridine 

20 (5.7g, 10 mmol) in 30 ml of acetonitrile was added dropwise and the reaction 
mixture was stired for 4 hours at room temperature. Then it was concentrated 
in vacuo to minimal volume (not to dryness). The residue was dissolved in 
chlorofOHT) and washed with water, saturated aq sodium bicarbonate and 
brine. The organic layer was dried over sodium sulfate and the solvent was 

25 removed in vacuo. The residue was dissolved in 100 ml of 1.4-dioxane and 
treated with 50 mL of 29% aq NH4OH ovemight. The solvents were removed 
in vacuo. The residue was dissolved in the in the mixture of pyridine (60 mL) 
and methanol (10 mL), cooled to -150C and ice-cooled 2M aq solution of 
sodium hydroxide was added under stirring. The reaction mixture was stirred 

30 at -10 to .150c for additional 30 mitiutes and then neutralized to pH 7 with 
Dowex 50 (Py+). The resin was filtered off and washed with 200.mL of the 
mixture H2O - Py (4:1). The combined mother liquor and washings were 
evaporated to dryness. The residue was crystallized from aq methanol to give 
1.6g (62%) of 6-methyl cytidine. 
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To the solution of 6-methyl cytidine (1.4g. 5.44 mmol) in dry pyridine 3.1 1 
ml of trimethylchlorosilane was added and the reaction mixture was stirred for 
2 hours at room temperature. Then acetic anhydride (0.51 mL, 5.44 mmol) 
was added and the reaction mixture was stirred for addHional 3 hours at room 
temperature. TLC showed disappearance of the starting rhaterial and the 
reaction was quenched with MeOH (20 mL). ice-cooled and treated with water 
(20 mL, 1 hour). The solvents wee removed in vacuo and the residue was 
dried by four coevaporatlons with dry pyridine. Finally it was redissolved in 
dry pyridine and dimethoxytrityl chloride (2.2 g. 6.52 mmol) was added. The 
reaction mixture was stirred overnight at room temperature and quenched with 
MeOH (20 mL). The solvents were rem6ved In vacuo. The remaining oil was 
dissolved in methylene chloride, washed with saturated sodium bicarbonate 
and brine. The organic layer was separated and evaporated and the residue 
was purified by flash chromatography on silica gel with the gradient of MeOH 
in methylene chloride (3% to 5%) to give 2.4 g (74%) of the compound (4 ). 

Example 18: Synthesis of 6-aza-uri riine and fi-aya-cvtidina 

To the solution of B-aza uridine (5g, 20.39 mmol) In dry pyridine 
dimethoxytrityl chloride (8.29g, 24.47 mmol) was added and the reaction 
mixture was left overnight at room temperature. Then it was quenched with 
methanol (50 mL) and the solvents were removed in vacuo. The remaining oil 
was dissolved In methylene chloride and washed with saturated aq sodium 
bicartjonate and brine. The organic layer was separated and evaporated to 
dryness. The residue was additionally dried by multiple coevaporatlons with 
dry pyridine and finally dissolved in dry pyridine. Acetic anhydride (4.43 mL. 
46.7 mmol) was added to the above solution and the reaction mixture was left 
for 3 hours at room temperature. Then it was quenched with methanol and 
wori<ed-up as above. The residue was purified by flash chromatography on 
siiics gel using mixture of 2% of MeOH In methylene chloride as an eluent to 
give 9.6g (75%) of the compound. 

Triethylamine (23.7 ml, 170.4 mmoQ was added dropwise to a stirred ice- 
cooled mixture of 1,2,4-triazole (10.6g, 153.36 mmol) and phosphorous 
oxychioride (3.22 ml. 34.08 mmol) in 100 ml of anhydrous acetonltrile. To the 
resulting suspension the solution of 2'.3'-di-O-Acetyl-5'-O-0imethoxytrityl-6- 
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aza Uridine (7.1 3g, 11.36 mmol) in 40 ml of acetonitrile was added dropwise 
and the reaction mixture was stirred for 6 hours at room temperature. Then it 
was concentrated in vacuo to minimal volume (not to dryness). The residue 
was dissolved in chloroform and washed with water, saturated aq sodium 
5 bicarbonate and brine. The organic layer was dried over sodium sulfate and 
the solvent was removed in vacuo. The residue was dissolved In 150 ml of 
1,4-dioxane and treated with 50 mL of 29% aq NH4OH for 20 hours at room 
temperature. The solvents were removed in vacuo. The residue was purified 
by flash chromatigraphy on silica gel using linear gradient of MeOH (4% to 
1 0 10%) in methylene chloride as an eluent to give S.lg (50%) of azacytidine. 

To the stirred solution of 5 -O-Dimethoxytrityl-S-aza cytidine (3g, 5.53 
mmol) in anhydrous pyridine trimethylchloro silane (2.41 mL, 19 mmol) was 
added and the reaction mixture was left for 4 hours at room temperature. Then 
acetic anhydride (0.63 mL, 6.64 mmol) was added and the reaction mixture 

15 was stirred for additional 3 hours at room temperature. After that it was 
quenched with MeOH (15 mL) and the solvents were removed in vacuo. The 
residue was treated with 1M solution of tetrabutylammonium fluoride in THF 
(20^, 30 min) and evaporated to dryness.. The remaining oil was dissolved in 
methylene chloride, washed with saturated aq sodium bicarbonate and water, 

20 The separated organic layer was dried over sodium sulfate and evaporated to 
dryness. The residue was purified by flash chromatography on silica gel using 
4% MeOH in methylene chloride as an eluent to give 2.9g (89.8%) of the 
compound. 

General Procedure for the Introducing of the TBDMS-Group: To the 
25 stirred solution of the protected nucleoside in SO mL of dry THF and pyridine (4 
eq) AgNOs (2.4 eq) was added. After 10 minutes tert-butyldimethylsilyl 
chloride (1.5 eq) was added and the reaction mixture was stirred at room 
temperature for 12 hours. The resulted suspension was filtered into 100 mL of 
5% aq NaHCOa. The solution was extracted with dichloromethane (2x100 

30 mL). The combined organic layer was washed with brine, dried over Na2S04 
and evaporated. The residue was purified by flash chromatography on silica 
gel with hexanes-ethylacetate (3:2) mixture as eluent. 
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General Procedure for Phosphitylation: To the ice-cooled stirred 
solution of protected nucleoside (1 mmol) in diy dichloromethane (20 mL) 
under argon blanket was added dropwise via syringe the premlxed solution of 
N.N-dusopropylethylamine (2.5eq) and 2-cyanoethyl N'N- 
5 diisopropylchlorophosphoramidite (1.2 eq) in dichloromethane (3 mL) 
Simultaneously via another syringe N-methylimidazole (1 eq) was added and 
stirring was continued for 2 hours at room temperature. After that the reaction 
mixture was again ice-cooled and quenched with 15 ml of diymethanol. After 
5 min stirring, the mixture was concentrated in vacuo (<40OC) and purified by 
10 flash chromatography on silica gel using hexanes-ethylacetate mixture 
contained 1% triethylamine as an eluent to give corresponding 
phosphoroamidite as white foam. 

EygmPle 19; RNA cleavaaa artivitY n f H HA rihoTyn^ a c. ^bstitutBH vuith fi. 
methvl-Uridina 

15 Hammerhead ribozymes targeted to site A (see Fig. 31) were 

synthesized using solid-phase synthesis, as described above. U4 position 
was modified with 6-methyl-uridine. 

RNA cleavaqi=> yc sav in iz/ffy ; 

Substrate RNA is 5' end-labeled using [Y.32p] atp and T4 polynucleotide 
kinase (US Biochemicals). Cleavage reactions were earned out under ribozyme 
excess- conditions. Trace amount (5 1 nM) of 5' end-labeled substrate and 40 
unlabeled ribozyme are denatured and renatured separately by heating to 90«C 
for 2 m.n and snap^^oling on ice for 10 -15 min. The ribozyme and substrate are 

ZT.T:^fT^^^' ^^'^ '° « ""^^^ ''^"^^'■"'"g 50 -"M Tris-HCI 

and 10 mM MgCl2. The reaction is initiated by mixing the ribozyme and substrate 
solutions and incubating at 37'C. Aliquots of 5 jxl are taken at regular intervals of 
time and the reaction is quenched by mixing with equal volume of 2X formamide 
stop m«. The samples are resolved on 20 % denaturing polyacrylamide gels 
The results are quantified and percentage of target RNA cleaved is plotted as a 
30 function of time. 



20 



25 



Referring to Fig. 32. hammerhead ribozymes containing 6-methyl-uridine 
modification at U4 position cleave the target RNA efficiently. 
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Example 20: RNA cleavage activity of HHB ribQ^y piQ substituted with f^. 

methyl-UrMing 

Hammertiead ribozymes targeted to site B (see Fig. 33) were synthesized 
using solid-phase synthesis, as described above. U4 and U7 positions were 
5 modified with 6-methyl-uridine. 

RNA cleavage reactions were carried out as described above. Referring to 
Fig. 34, hammerhead ribozymes containing 6-methyl-uridine -modification at U4 
and U7 positions cleave the target RNA efficiently. 

Example 21: RNA cleavage acti vity o( HHC ribozvme substituted with fi- 

10 m9thyi-Uri<Jin9 

Hammerhead ribozymes targeted to site C (see Fig. 35) were synthesized 
using solid-phase synthesis, as described above. U4 and U7 positions were 
modified with 6-m6thyl-uridlne. 

RNA cleavage reactions were carried out as described above. Referring to 
15 Fig, 36, hammerhead ribozymes containing 6-methyl-uridine modification at U4 
positions cleave the target RNA efficiently. 

Sequences listed in Figure 23. 31. 33. 35. and others and the modifications 
described in these figures are meant to be non-limiting examples. Those skilled in 
the art will recognize that variants (base-substitutions, deletions, insertions. 
20 mutations, chemical modifications) of the ribozyme and RNA containing other 2'- 
hydroxyl group modifications, including but not limited to amino acids, peptides 
and cholesterol, can be readily generated using techniques known in the art, and 
are within the scope of the present invention. 

Example 22: Inhibition of Rat smooth muscl e cell Droliferation by 6>mQthyl.f J 
25 substituted ribozvme HHA. 

Hammerhead ribozyme (HHA) is targeted to a unique site (site A) within c- 
myb mRNA. Expression of c-myb protein has been shown to be essential for the 
proliferation of rat smooth muscle cell (Brown et aL, 1992 J. BioL Cham. 267, 
4625). 
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10 



15 



The ribozymes that cleaved site A within c-myb RNA described above were 
assayed for their effect on smooth muscle cell proliferation. Rat vascular smooth 
muscle cells were isolated and cultured as described (Stinchcomb et ai. supra). 
HHA ribozymes were complexed with lipids and delivered into rat smooth muscle 
cells. Serum-starved cells were stimulated as described by Stinchcomb at al., 
supra. Briefly, serum-starved smooth muscle cells were washed twice with PBs! 
and the RNA/lipid complex was added. The plates were incubated for 4 hours at 
37«C. The medium was then removed and OMEM containing 10% FBS. additives 
and 10 nM bromodeoxyuridine (BrdU) was added. In some wells. FBS was 
omitted to detennine the baseline of unstimulated proliferation. The plates were 
incubated at 37»C for 20-24 hours, fixed with 0.3% H2O2 in 100% methanol, and 
stained for BrdU incorporation by standard methods. In this procedure, cells that 
have proliferated and incorporated BrdU stain brown; non-proliferating cells are 
counter-stained a light purple. Both BrdU positive and BrdU negative cells were 
counted under the microscope. 300-600 total cells per well were counted. In the 
following experiments, the percentage of the total cells that have incorporated 
BrdU {% cell proliferation) is presented. Errors represent the range of duplicate 
wells. Percent inhibition then is calculated from the % cell proliferation values as 
follows: % inhibition = 1 00 - 1 00 (Ribozyme - 0% senim)/(Control - 0% serum). 

20 Referring to Figure 37. active ribozymes substituted with 6-methyl-U at 

position 4 of HHA were successful in inhibiting rat smooth muscle cell proliferation. 
A catalytically inactive ribozyme (inactive HHA). which has tv/o base substitutions 
within the core (these mutations inactivate a hammertiead ribozyme: Stinchcomb 
et al.. supra), does not significantly inhibit rat smooth muscle cell proliferation. 

2^ Example 23: Inhibition of stmrnalysit^ production in h uman svnnvjal fibrohlast 

cells bv 6-methvl-u substittit ed riboTvmft HH«7 

Hammerhead ribozyme (HHC) is targeted to a unique site (site C) within 
sfrome/ysfn mRNA. 

The general assay was as described (Draper et al.. supra). Briefly, 
30 fibroblasts, which produce stromelysin. are serum-starved overnight and 
ribozymes or controls are offered to the cells the next day. Cells were 
maintained in seoim-free media. The ribozyme were applied to the cells as 
free ribozyme. or in association with various delivery vehicles such as cationic 
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lipids (including Transfectam^w. Lipofectin^w ^^^^ LipofectamitieTM)^ 
conventional liposomes, non-phospholipid liposomes or biodegradable 
polymers. At the time of ribozyme addition, or up to 3 hours later, Interleukin- 
1a (typically 20 units/ml) can be added to the cells to induce a large increase 
5 in stromelysin expression. The production of stromelysin <:an then be 
monitored over a time course, usually up to 24 hours. 

Supematants were harvested 16 hours after IL-1 induction and assayed 
for stromelysin expression by ELISA. Polyclonal antibody against Matrix 
Metalloproteinase 3 (Biogenesis. NH) was used as the detecting antibody and 
10 anti-stromelysin monoclonal antibody was used as the capturing antibody in 
the sandwich ELISA (Maniatis et al., supra) to measure stromelysin 
expression. 

Referring to Figure 38. HHC ribozyme containing S-methyl-U 
modification, caused a significant reduction in the level of stromelysin protein 
15 production. Catalytically inactive HHC had no significant effect on the protein 
level. 

gxample g4: sSvnthesis of pvridin-2f4^-Qne n ucleoside .T-phosohoramidite*; 

General procedure for the preparation of 1-rg.3 S-tri>0-ben7Qyl-p.n. 
ribofuranosylUP(A).pYriHnno<. (^) ?rj_{g) 

20 Referring to Figure 39. 2- or 4-hydroxy pyridine (1) or (8) (2.09 g, 22 

mmol). 1-0-acetyl-2.3,5-tri-0-benzoyl-fi.D-ribofuranose (2) (10.08 g, 20 mmol) 
and BSA (5.5 ml. 22 mmol) were dissolved in dry acetonitrile (100 ml) under 
argon at 70'C (oil bath) and the mixture stirred for 10 min. Trimethylsilyl 
trifluoromethanesulfonate (TMSTfl) ( 5.5 ml, 28.5 nimol) was added and the 

25 mixture was stin-ed for an addrtional hour for 1 or four hours for 8. The mixture 
was then cooled to room temperature (RT) followed by dilution, with CHCI3 
(200 ml), and extraction, with sat. aq. NaHCOa solution. The organic layer 

was washed with brine, dried (Na2S04) and evaporated to dryness in vacuo. 
The residue was chromatographed on the column of silica gel; 1-5% gradient 
30 of methanol in dichloromethane was used for purification of 3 (98% yield) and 
2-10% gradient of methanol in dichloromethane for purification of 9 (84% 
yield). 
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1-(B-D-RibofuranQ svn>2^41-Dvridones and {^ Q) 

3 or 9 (18 mmol) was dissolved in 0.3M NaOCHa (150 ml) and the 
solution was stirred at RT for 1 hour. The mixture was then neutralized, with 
Dowex 50WX8 (Py+). the ion-exchanger was filtered off and the filtrate was 

5 concentrated to a syrup in vacuo. The residue was dissolved in water (100 ml) 
and the solution was washed with chlorofonm (2 x 50 ml) and ether (2 xSO ml). 
The aqueous layer was evaporated to dryness and the residue was then 
crystallized from ethyl acetate (3.9 g, 91% 4; Niedballa et a/.. Nucleic Acid 
Chemistry, Part 1 , Townsend. LB. and Tipson, R.S.. Ed.; J. Wiley & Sons. Inc.; 
10 New York. 1978. p 481-484); 10 (Niedballa and Vorbnjggen. J. Org, Chem, 
1974, 39, 3668-3671) was crystallized from ethanol (3.6 g. 84%). 

^(2-0-TBDMSi-5-0-DMT-B-D■ribof ^ranQsv^>2MVp yrj(;^nnA^ 

4 or 10 was S'-O-dimethoxytritylated according to the standard, 
procedure (see Oligonucleotide Synthesis: A Practical Approach, M.J. Gait 

15 Ed.; IRL Press. Oxford, 1984. p 27) to yield 5 In 76% yield and pyridin-4~one 
derivative in 67% yield in the form of yellowish foams after silica gel column 
chromatography (0.5-10% gradient of methanol in dichloromethane). These 
compounds were treated with /-butyldimethylsilyl chloride under the conditions 
described by Hakimelahi ef a/.. Can. J. Chem, 1982. 60. 1106-1113, and the 

20 reaction mixtures were purified by the silica gel column chromatography (20- 
50% gradient of ethyl acetate in hexanes) to enable faster moving 2'-0- 
TBDMSi isomers (68.5% and 55%. respectively) as coloriess foams. 

1 -f2-C>f-ButVldimethvlsilvl-5-0-dimet hoxvtritvl-3>0>f2-cvanQQthvU A/ A/- 
diiS0Dr0DvlDhosDhoramtditft l^2f4)-DvridQnes (7) and 

25 1-(2-0-TBDf^S-5-0-DMT-p.D-ribofuranosyl)-2(4).pyridones were 

phosphitylated under conditions described by TuschI ef a/., Biochemistry 1993, 
32, 11658-11668, and the products were isolated by silica gel column 
chromatography using 15-50% gradient of ethyl acetate in hexanes (1% EtaN) for 
7 (89% yield) and dichloromethane (1% EtaN) for 11 (94% yield). 

30 Phosphoramidites 7 and 11 were incorporated into ribozymes and 

substrates using the method of synthesis, deprotection, purification and testing 
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previously described (Wincott et al.. 1995 supra). The average stepwise 
coupling yields were -96 %. 

Example 25: Synthesis of 2-Q-/.B utvldimethvlsilv|.5.0-dimethbxvtritvl-'^.r>.(9. 
CVanQethvl-/V./V-diisooropvlphosDhoramidltft )-i.dQoxv.l.phenvl-p.n. 
5 ribofuranose (8) phnsp horamidHes 

5-Of-Butvldiohenvlsilvl.gr>. O.isoDropvlidene-1-deoxv.1-phanvl. fl-n- 
ribofuranose (3> 

Referring to Figure 40. compound 3 was prepared using the procedure 
analogous to that described by Czemecki and Ville. J. Org. Cham. 1989, 54, 610- 
10 612. Contrary to their result, we succeeded in obtaining the title compound, by 
using the more acid resistant r-butyldlphenylsilyl group for 5-Oprotection. instead 
of f-butyldimethyisilyl. 

1 -Deoxv-1-Dhenvl-fl-D-ribofuranose fS) 

Compound 3 (1 g. 2.05 mmol) was dissolved in THF (20 ml) and the solution 
1 5 was mixed with 1M TBAF in THF (3 ml. 3 mmol). The reaction mixture was stirred 
at RT for 30 min followed by evaporation into a syaip. The residue was applied on 
to a silica gel column and eluted with hexanes followed by 5-70% gradient of 
ethyl acetate in hexanes. The 5-O-desilylated product was obtained as a colorless 
foam (0.62 g. 88% yield). This material was dissolved in 70% acetic acid and 
20 heated at lOO'C (oil bath) for 30 min. Evaporation to dryness under reduced 
pressure and crystallization of the residual syrup from toluene resulted in 5 (0.49 
g. 94% yield), mp 120-1 21 "C. 

2-Of-ButVldimethvlsilvl»5-Q-dimflthox vtritvM.dflnxv.1.Dhenvl.fl.r). 
ribofuranose VT) 

25 Compound S (770 mg. 3.66 mmol) was 5- O-dimethoxytritylated according to 

the standard procedure (Oligonucleotide Synthesis: A Practical Approach, M.J. 
Gait Ed.: IRL Press. Oxford. 1984. p 27) to yield 1.4 g (75% yield) of 5-0- 
dimethoxytrityl derivative as a yellowish foam, following silica gel column 
chromatography (0.5-2% gradient of methanol in dichloromethane). This material 

30 was treated with f-butyldimethylsilyl chloride under the conditions described by 
Hakimelahi et al.. Can. J. Chem. 1982. 60. 1106-1113, and the reaction mixture 
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was purified by silica gel column chromatography (2-10% gradient of ethyl 
acetate in hexanes) to afford a slower moving 2*-0-TBDMSi isomer 7 (0,6 g. 35% 
yield) as a colorless foam. The faster migrating 3'-0-TBDMSi isomer 6 was also 
isolated (0.55 g. 32% yield). 

5 2'Q^^ButvldimethvlsiM^5^0^dimethQyytrity^a ,0.r2^^^ 

diisoDropvlDhosDhoramidita^-l-deoxv-l-p henvUp-D-ribofuranosQ (fi) 

Compound 7 (0.87 g. 1.39 mmol) was phosphitylated under conditions 
described by TuschI et aL, supra and the product was isolated by silica gel 
column chromatography using 0.5% ethyl acetate in toluene (1% EtaN) for eiution 
10 (0.85 g. 74% yield). 

Example 26: Synthesis of oseudouridine. 3>methyluridine and g d . f?- 
trimethoxy benzene nucleoside ohosphoramidites . 

Starling with a pseudo uridine, 3-methyluridine or 2,4.6-trimethoxy benzene 
nucleoside (Gasparutto et al., Nucleic Acid Res. 1992 20. 5159-5166; Kalvoda 
1 5 and Farkas, Nucleic Acid Chemistry, Part 1 , Townsend. L.B. and Tipson. R.S.. Ed.; 
J. Wil^ ; Sons, Inc.; New York, 1978, p 481-484). phosphoramidites can be 
prepared by standard protocols described below (Figure 41). 

General Procedure for the Introducing of the TBDMS-Group: To the stirred 
solution of the protected nucleoside in 50 mL of dry THF and pyridine (4 eq) 

20 AgNOa (2.4 eq) was added. After 10 minutes tert-butyldimethylsilyl chloride (1.5 
eq) was added and the reaction mixture was stirred at room temperature for 12 
hours. The resulted suspension was filtered into 100 mL of 5% aq NaHCOa. The 
solution was extracted with dichloromethane (2x100 mL). The combined organic 
layer was washed with brine, dried over Na2S04 and evaporated. The residue 

25 was purified by flash chromatography on silica gel with hexanes-ethylacetate (3:2) 
mixture as eluent. 

General Procedure for Phosphitylation: To the ice-cooled stirred solution of 
protected nucleoside (1 mmol) in dry dichloromethane (20 mL) under argon 
blanket was added dropwise via syringe the premixed solution of N.N- 
30 diisopropylethylamine (2.5eq) and 2-cyanoethyl N'N- 
diisopropylchlorophosphoramidite (1.2 eq) in dichloromethane (3 mL). 
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Simultaneously via another syringe N-methylimidazole (1 eq) was added and 
stirring was continued for 2 hours at room temperature. After that the reaction 
mixture was again ice-cooled and quenched with 1 5 ml of dry methanol. After 5 
min stirring, the mixture was concentrated in vacuo (<40OC) and purified by flash 
chromatography on silica gel using hexanes-ethylacetate mixture contained 1% 
triethylamine as an eluent to give corresponding phosphoroamidite as white 
foam. 

Pseudourldlne. 3-methyluridine or 2,4.6-trimethoxy benzene 
phosphoramidites were incorporated into ribozymes using solid phase synthesis 
as described by Wlncott ef a/...1995 supra. The ribozymes were deprotected using 
the standard protocol described above with the exception of ribozymes with 
pseudouridine. Pseudouridine-modified ribozymes were deprotected first by 
incubation at room temperature, instead of at 55«C. for 24 hours in a mixture of 
ethanolic ammonia (3:1). 

15 Example 27: Svnthesis n f dihvdrotiridine ohosp hnramirtitoc 

Referring to Figure 42. dihydrouridine phosphoramidite was synthesized 
based on the method described in Chalx et al., 1989 Nucleic Acid Res. 17. 7381- 
7393 with certain improvements: 



10 



20 



i. Uridine (1; lOg, 41mmoles) was dissolved in 200 ml distilled water and to 
the solution 2g of Rh (10% on alumina) was added. The sluny was brought to 60 
psi of hydrogen, and hydrogenation was continued for iShrs. Reaction was 
monitored by disappearance of UV absortjing material. All of starting material was 
converted to dihdrouridine (DHU) and tetrahydrouridine (2:1 based on NMR). 
Tetrahydrouridine was not removed at this step. 

25 II. Dihydrouridine (2; lOg. 41mmoles) was dissolved in 400ml dry pyridine; 

dimethylaminopyridlne (0.244g,2mmoles). triethylamine (7.93ml. SGmmoles). and 
dimethoxytrityichioride (I6.3g, 48mmoles) were added and stirred under argon 
overnight. The reaction was quenched with 50ml methanol, extracted with 400ml 
5% sodium bicarbonate, and then 4G0ml brine. The organic phase was dried over 

30 sodium sulphate, filtered, and then dried to a foam. 5'-DMT-DHU (3) was purified 
by silica gel chromatography (dichloromethane with 0.5-5% gradient of methanol; 
final yield = 9g; 16.4mmoles). 
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iii. 5'-DMT-DHU (3; 9.0g. 1 6.4mmoles) was dissolved in 150ml dry THF. 
Pyridine (4.9ml, 60mmoles) and silver nitrate (3.35g, l9.7mmoles) were added at 
room temperature and stirred under argon for 10min.. then tert.- 
butyldimethylsiiylchloride (tBDMS-CI; 3.0g, 19.7mmoles) was added and the slurry 
5 was stirred under argon overnight. The reaction was filtered over celite into 500ml 
aqueous 5% sodium bicarbonate and then extracted with 200ml chloroform. The 
organic phase was washed with 250ml brine, dried over sodium sulfate, and then 
evaporated to a yellow foam. 2'-tBDMS. S'-DMT-OHU (5) was purified by silica gel 
chromatography away from the 3'-tBDMS, 5'-0MT-DHU (4) (hexanes with 10-50% 
10 gradient ether, final yield := 5.1 g; 7.7mmoles), dried over sodium sulfate, filtered, 
and then dried to a white powder. The product was kept under high vacuum for 
48hrs. 

Iv. 5-DMT, 2'-tBDMS-DHU (5; 2.10g, 3.17mmoles) was dissolved in 40ml 
anhydrous dichloromethane. NN-dimethylaminopyridine (2,21ml, 12.7mmoles), N- 

15 methylimidizole (1.27mi, 1.59mmoles), and chloro-diisopropyl- 
cyanoethylphosphoramidite (1.2ml. 5,22mmoles) were added and the reaction 
was stirred under arr for 3hrs. The reaction was quenched with 4ml anhydrous 
methanol and then 'aporated to an oil. Final product (6) was purified by silica 
gel chromatography (dichloromethane with 0-1% ethanol: 1% triethylamine; final 

20 yield = 2.2g; 2.5mmoles). 

The dihydrouridine was incorporated into ribozymes using solid phase 
synthesis as described by Wincott et a/., 1995 supra, with improvements- 
nuceloside-oxalyl-polystyrene derivatized support (Alul et. ai Nucleic Acids Res .. 
1991, 19, 1527-1532) was used. The ribozyme containing the dihydrouridine 
25 substitution was deprotected using 30% methyl amine in anhydrous ethanol for 1 5 
min. at room temperature and subsequent treatment with rerr-butyl-ammonium 
fluoride In anhydrous THF for 24 hrs, at room temperature. 

Example 28: Synthesis of 2>a■^Butyidimethv lsilv^5-0-d^methoxvtritvl>^3-0-(2- 

cvanoethvUA/.A/-dlisoorQDvlDhosDhoramiditeV1-deoxv-1-naDhthvl>6-D- 
30 ri[?9faranQ?9 f7) phosphgramidite? 



1 'PQQXy- 1 -n^phthyhB'P'ribpfurgpQgQ (4) 
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Referring to Figure 45, the title compound was synthesized from 
naphthalene 1 and tetra-O-acetyl-p-D-ribofuranose 2 according to the 
procedure of Ohrui etabAgr. Biol. Chem. 1972. 36, 1651-1653. 

2-0-f-Butvldimethvlsilvl-5-O-dimfith nxvtritvl.a.r).^9.cvanoathvt.A/^L 
5 S<iiS0Pr0PVlPhosPhoramidite>-1 -deoxv.l • naohthyl.p.p.rjbofuranose (7) 

7 was synthesized In three steps from 4: a) S'-O-dimethoxytritylation using 
4.4'-dimethoxytrityl triflate . followed by chromatographic separation of a and p 
anomer. respectively; b) 2'-0-silyiation was carried out as described by 
Hakimelahi era/.. 1982 supra (32% yield); c) 3'-0-phosphitylation was carried 
1 0 out essentially as described by TuschI et ai. 1 993 supra (85% yield). 

This phosphoramidite is incorporated into ribozymes using solid phase 
synthesis as described by Wincott et ai. 1995 supra.. The ribozyme containing 
naphthyl substitution was deprotected using the standard protocpl described 
above. 

5 Example 29: Synthesis of 2-0-NBntvlriim ethvlsilvl-t^-n.Dimethoyvtritvi..^.n.f9- 
^ U09thvl-A/.A/-diiSQDropvlpho.SDhQramidita\. t .DflQyv.1Wp.^minQnhBnyn.p. 
D-HibQfurann^<;> DhoSDhoramiditfl«; 

$-g-f-ButYldiphflny|,«?ilY|-2.3.0-isopronvlidene-1.dftnyv.i. fo.brQmnnhpnY')-ff- 
D-ribofuran9«fft fg) 

Referring to Figure 46. 3 was prepared from 4-bromo-1-lithiobenzene 
and f-butyldiphenylsily|.2,3-0-isopropylidene-D-ribono-1.4-lactone using the 
procedure analogous to that described by Czemecki and Ville. J. Org. Chem. 
1989. 54, 610^12. Contrary to their result, we succeeded in obtaining the 
title compound, by using instead of /-butyldimethylsilyl the more acid resistant 
f-butyldiphenylsilyl group for 5-O-protection. 

5-P-f-PMtYldinhf<nvlffilvl-2.3-0-i.'>onfODvlldane.l. d eoxv-1-(r>-aminoDhenyl).p . 
D-ribofurannfift fg) 

Compound 3 was amjnated using liquid ammonia and Cul as described 
by Piccirillj et a/. Helv. Chim. Acta ^ 99 \. 74. 397-406 to give the title 
30 compound in 63% yield. 



20 



25 
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5-C>-f-BgtY|dinh9nvlsilvl-2.3-0-isQDroDvlid ane.l.ripff^.1.fp.fN.TPA^ = 
aminoDhenvl].p.p.rih ofuranosa (6\ 

5 (1.2 g. 2.88 mmol) In dry pyridine (20 ml) was treated with 
trifluoroacetic anhydride (0.5 ml, 3.6 mmol) for 1 hour at 0 'C. The reaction 
5 mixture was then quenched with methanol (5 ml) and evaporated to a syrup. 
The syrup was partitioned between 5% aq. NaHCOa and dichloromethane, 
organic layer was dried (Na2S04) and evaporated to dryness under reduced 
pressure. This material was used without further purification In'the next step. 

1 -Peoxv-I -lp-(N-TFA^aminQphpfi vll.fl.D.rihnfiiranosfl (7\ 

10 The title compound was prepared from 6 in an identical manner as for 

the synthesis of deblocked phenyl analog; (82% overall yield for S'-O- 
desilylation and the cleavage of 2',3'-0-isopropylidene group). 

2-Q-/-Butvldimethvlsilvl-?^- 0-dimethr)vvtritvl.3.0./P.rvqnQethvl.A/A<. 
diisopropvlphosnhoramidite^.1.dflnYx/ .i.fp.fN.TFA1 aminoohflnvlUR.n. 
15 ribofuranosfi (tn) 

Using the same three ; sequence as for the phenyl analog. 10 was 
prepared from 7 in 32% overall yield. 

This phosphoramidite is Incorporated into ribozymes using solid phase 
synthesis as described by Wincott et at., 1995 supra. The ribozyme containing 
aminophenyl substitution was deprotected using the standard protocol described 
above. 



20 



^xamplg 30: CieflVflnf^ reactions catalysed bv HH.R «nh^tit.rff . ^ s f f^^ 
modififld \}^^^f$ 

Hammerhead ribozymes targeted to site B (see Fig. 43A) were synthesized 
25 using solid-phase synthesis, as described above. U4 and U7 positions were 
substituted with various base-modifications shown in Figure 43B. 

RNA cleavage reactions were carried out as described above. Referring to 
Fig. 43B. hammertiead ribozymes containing base modifications at positions 4 or 
7 cleave the target RNA to varying degrees of efficiency. Some of the base 
30 modifications at position 7 appear to enhance the catalytic efficiency of the 



wo 96/18736 



PCTA)S9S/1SS16 



99 

hammertiead ribozymes compared to a standard base at that position (see Figure 
43B. pyridin-4-one, phenyl and 3-methyl U modifications). 

HH-B ribozymes with either pyridin-4-one or phenyl substitution at position 7 
were further characterized (Figure 44). It appears that HH-B ribozyme with pyridin- 
5 4-one modification at position 7 cleaves RNA with a 10 fold higher kcat when 
compared to a ribozyme with a U at position 7 (compare Figure 44 A with 44 B). 
HH-B ribozyme with a phenyl group at position 7 cleaves RNA with a 3 fold higher 
kcat when compared to a hammerhead ribozyme with U at position 7 (see Figure 
44C). 

10 Sequences listed In Figure 23. 31. 33. 35. 43 and the modifications 

described in these figures are meant to be non-limiting examples. Those skilled in 
the art will recognize that variants (base-substitutions, deletions, insertions, 
mutations, chemical modifications) of the ribozyme and RNA containing other 2'- 
hydroxyl group modifications, including but not limited to amino acids, peptides 

5 and cholesterol, can be readily generated using techniques known in the art. and 
are within the scope of the present invention. 

Example 31. 2'deQxv-2'-alkvlnucleQtirifls 

Table D2 is a summary of specified catalytic parameters (tA and ts) on 
short substrates in vitro, and stabilities of the noted modified catalytic nucleic 
0 acids in human serum. U4 and U7 refer to the uracil bases noted in Figure 1 . 
Modifications at the 2'-position are shown in the table. 
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Table D2 

Entry Modification ti/2 (m) ti/z (m) p-jg/^ 

Activity Stability ^ iq 

(tA) (ts) 



1 U4&U7=U 

2 U4 & U7 = a'-Oiy/le-U 

3 U4 = 2'=CH2-U 

4 U7 = 2'=CH2-U 

5 U4 & U7 = 2'=CH2-U 

6 U4 = 2'=CF2-U 

7 U7 = 2'=CF2-U 

8 U4 & U7 =s 2;=CF2-U 

9 U4 = 2'-F-U 

10 U7 = 2'-F-U 

11 U4 & U7 = 2'-F-U 

12 U4 = 2*-C-Allyl-U 

13 U7 = 2'-C-Allyl-U 

14 U4 & U7 = 2'-C-Ally|.U 

15 U4s2'-araF-U 

16 U7 = 2'-araF-U 

17 U4 & U7 = 2'-araF-U 

18 U4 = 2'-NH2-U 

19 U7 = 2'-NH2-U 

20 U4 & U7 = 2'-NH2-U 

21 U4 = dU 

22 U4 & U7 = dU 



1 0.1 1 

4 260 ' 650 

6.5 120 180 

8 280 350 

9.5 120 130 

5 320 640 
4 220 550 
20 320 160 

4 320 800 

a • 400 500 

4 300 750 

3 >S00 >1700 

3 220 730 

3 120 400 

5 >500 >1000 

4 350 875 
1 5 500 330 

10 500 500 

5 500 1000 

2 300 1500 

6 100 170 
4 240 600 



wo 96/18736 PCTAJS95/1S5I6 

101 



Figure 47 shows base numbering of a hammerhead motif in which the 
numbering of various nucleotides in a hammerhead ribozyme is provided. 
Referring to Figure 47, the preferred sequence of a hammerhead ribozyme in 
a 5*- to 3'-direction of the catalytic core is CUGANGAG[base paired 
5 with]CGAAA, In this invention, the use of 2*-C-alkyl substituted nucleotides 
that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Although substitutions of any 
nucleotide with any of the modified nucleotides shown in -Figure 48 are 
possible, and were indeed synthesized, the basic structure composed of 
10 primarily 2'-0-Me nucleotides with selected substitutions was chosen to 
maintain maximal catalytic activity (Yang et ai Biochemistry 31, 5005- 
5009 and Paolella et al. EAfSO J. 1992, 11, 1913-1919) and ease of 
synthesis, but is not limiting to this invention. 

Ribozymes from Figure 47 and Table D2 were synthesized and assayed 
15 for catalytic activity and nuclease resistance. With the exception of entries 8 
and 17. all of the modified ribozymes retained at least 1/10 of the wild-type 
catalytic activity. From Table D2, all 2*-modified ribozymes showed very large 
and significant increas : in stability in human seoim (shown) and in the other 
fluids described below (Example 3. data not shown). The order of most 
20 aggressive nuclease activity was fetal bovine semm > human serum > human 
plasma > human synovial fluid. As an overall measure of the effect of these 2 - 
substitutions on stability and activity, a ratio P was calculated (Table D2), This 
P value indicated that all modified ribozymes tested had significant. >100 - 
>1700 fold, increases in overall stability and activity. These increases in p 
25 indicate that the lifetime of these modified ribozymes in vivo are significantly 
increased which should lead to a more pronounced biological effect. 

More general substitutions of the 2'-modified nucleotides from Figure 48 
also increased the ti/2 of the resulting modified ribozymes. However the 
catalytic activity of these ribozymes was decreased > 10-fold. 

30 In Figure 53 compound 37 may be used as a general intermediate to 

prepare derivatized 2'-Oalkyl phosphoramidites. where X is CH3. or an alkyl. 
or other group described above. 
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The following are other non-limiting examples showing the synthesis of 
nucleic acids using 2'-C-alkyl substituted phosphoramidites, the syntheses of 
the amidites, their testing for enzymatic activity and nuclease resistance. 
These examples are diagrammed in Figs 48-54. 

5 Example 32: Synthesis of Hammerhead Ribozymes Containing 2'-DeQxy>2'- 
A!Hvlnticlwtidg§ » Qthgr 2'-Moclifi9d Nggleotldgs 

The method of synthesis used generally follows the procedure for nomial 
RNA synthesis as described in Usman.N.; Ogilvie.K.K.; Jiang, M.-Y.; 
Cedergren.R.J. J. Am, Chem. Soc. 1987. 109, 7845-7854 and in 

10 Scaringe.S.A.; Franklyn.C; Usman.N. Nucleic Acids Res. 1990, 16, 5433- 
5441 and makes use of common nucleic acid protecting and coupling groups, 
such as dimethoxytrityl at the 5'-end. and phosphoramidites at the 3*-end 
(compounds 10. 12, 17. 22. 31, 18. 26. 32. 36 and 38). Other 2'-modified 
phosphoramidites were prepared according to: 3 & 4. Eckstein et al. 

1 5 International Publication No. WO 92/07065; and 5 Kois et al. Nucleosides & 
Nucleotides ^S93, 12, 1093-1109. The average stepwise coupling yields 
were -98%. The 2'-substituted phosphoramidite.* wore incorporated into 
hammerhead ribozymes as shown in Figure 5. However, these 2'-alkyl 
substituted phosphoramidites may be incorporated not only into hammerhead 

20 ribozymes, but also into hairpin, hepatitis delta virus. Group I or Group li intron 
catalytic nucleic acids, or into antisense oligonucleotides. They are. therefore, 
of general use in any nucleic acid sitructure. 

Example 33: Ribozvme Activity Assay 

Purified 5'-end labeled RNA substrates (15-25-mers) and purified 5'-end 
25 labeled ribozymes (-36-mers) were both heated to 95 ""C. quenched on ice 
and equilibrated at 37 ''C. separately. Ribozyme stock solutions were 1 mM. 
200 nM, 40 nM or 8 nM and the final substrate RNA concentrations were - 1 
nM. Total reaction volumes were 50 mL The assay buffer was 50 mM Tris-CI, 
pH 7.5 and 10 mM MgCla. Reactions were initiated by mixing substrate and 
30 ribozyme solutions at t = 0. Aliquots of 5 mL were removed at time points of 1 , 
5. 15, 30, 60 and 120 m. Each time point was quenched in fonnamide loading 
buffer and loaded onto a 15% denaturing polyacrylamide gel for analysis. 
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Quantitative analyses were performed using a phosphorimager (Molecular 
Dynamics). 

Example 34: Stability A^ ^^y 

500 pmol of gel-purified 5'-end-labeled ribozymes were precipitated in 
ethanol and pelleted by centrifugation. Each pellet was resuspended in 20 
mL of appropriate fluid (human semm. human plasma, human synovial fluid or 
fetal bovine serum) by vortexing for 20 s at room temperature: The samples 
were placed into a 37 "C incubator and 2 mL aliquots were withdrawn after 
incubation for 0. 15. 30. 45. 60. 120. 240 and 480 m. Aliquots were added to 
20 mL of a solution containing 95% fomiamide and 0.5X TBE (50 mM Tris. 50 
mM borate. 1 mM EDTA) to quench further nuclease activity and the samples 
were frozen until loading onto gels. Ribozymes were size-fractionated by 
electrophoresis in 20% acrylamide/8M urea gels. The amount of intact 
nbozyme at each time point was quantified by scanning the bands with a 
phosphorimager (Molecular Dynamics) and the half-life of each ribozyme in 
the fluids was detennined by plotting the percent intact ribozyme vs the time of 
incubation and extrapolation from tK.-. graph. 

Example 35: 3\5--0-(J fitr^feopropvl-disilnxane.t .■^.riiyiyp- .o.phflnnvythin. 
carbonyl-tifiiitinft (7) 

To a stirred solution of 3'.5-0-(tetraisopropyl-disiloxane-1.3-diyl).uridine. 
6. (15.1 g. 31 mmol. synthesized according to Nucleic Acid Chemistry, ed 
Leroy Townsend, 1986 pp. 229-231) and dimethylaminopyridine (7.57 g. 62 
mmol) a solution of phenylchlorothionofomiate (5.15 mL. 37.2 mmol) in 50 mL 
of acetonitrile was added dropwise and the reaction stirred for 8 h. TLC 
(EtOAchexanes / 1:1) showed disappearance of the starting material. The 
reaction mixture was evaporated, the residue dissolved in chlorofomi. washed 
with water and brine, the organic layer was dried over sodium sulfate, filtered 
and evaporated to dryness. The residue was purified by flash 
Chromatography on silica gel with EtOAc:hexanes / 2:1 as eluent to give 16 44 
30 g (85%) of 7. 
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Example 36: 3\5''0>rretraisoDroDVI-disilQXflnfl> V3-d!yll-g-C>AIM >Uridinft ( g ) 

To a refluxing, under argon, solution of 3\5'-0-(tetraisopropyl-disiloxane- 
1,3-diyl)-2'-0-phenoxythiocarbony|.uridine, 7. (5 g. 8.03 mmol) and 
allyltributyltin (12.3 mL, 40J5 nfimol) in dry toluene, benzoyl peroxide (0.5 g) 
5 was added portionwise during 1 h. The resulting mixture was allowed to reflux 
under argon for an additional 7-8 h. The reaction was then evaporated and 
the product 8 purified by flash chromatography on silica gel with 
EtOAcrhexanes / 1 :3 as eluent. Yield 2.82 g (68.7%). 

Example 37: 5'-0-Dimethoxyt ritvU2^-C-AllvUUridine (9\ 

A solution of 8 (1.25 g. 2.45 mmol) in 10 mL of dry tetrahydrofuran (THF) 
was treated with a 1 M solution of tetrabutylammoniumfluoride in THF (3.7 mL) 
for 10 m at room temperature. The resulting mixture was evaporated, the 
residue was loaded onto a silica gel column, washed with 1 L of chloroform, 
and the desired deprotected compound was eluted with chlorofomiimethanol / 
9:1. Appropriate fractions were combined, solvents removed by evaporation, 
and the residue was dried by.coevaporation with dry pyridine. The oily 
residue was redissolved in dry pyridine, dimethoxytritylchloridr ;1.2 eq) was 
added and the reaction mixture was left under anhydrous conditions 
overnight. The reaction was quenched with methanol (20 mL). evaporated, 
dissolved in chloroform, washed with 5% aq. sodium bicarbonate and brine. 
The organic layer was dried over sodium sulfate and evaporated. The residue 
was purified by flash chromatography on silica gel, EtOAc:hexanes / 1:1 as 
eluent, to give 0.85 g (57%) of 9 as a white foam. 

Example 38: 5'-0-Dimethoxytrit y|-2'-OAIIvl-Uridine 3'>(2>Cyanoethvl N.N- 
25 diisooropviPhosphoramldlta) (10) 

5'-0-Dimethoxytrityl-2'-C-allyl-uridine (0.64 g. 1.12 mmol) was dissolved 
in dry dichloromethane under dry argon. A/,AADiisopropylethylamine (0.39 mL, 
2.24 mmol) was added and the solution was ice-cooled. 2-Cyanoethyl /V,/V-di- 
isopropylchforophosphoramidite (0.35 mL. 1 .57 mmol) was added dropwise to 
30 the stirred reaction solution and stirring was continued for 2 h at RT. The 
reaction mixture was then ice-cooled and quenched with 12 mL of dry 
methanol. After stirring for 5 m. the mixture was concentrated in vacuo (40 °C) 
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and purified by flash chromatography on silica gel using a gradient of 10-60% 
EtOAc in hexanes containing 1% triethylamine mixture as eluent. Yield: 0.78 g 
(90%), white foam. 

Example 39: 3'.5 -O-fT etraisoDroDvl-disHoxanfl.i 3.divn.3'.r?.AHY|.A/4. ^^o|^ 
5 Cvtidine 

Triethylamine (6.35 mL, 45.55 mmol) was added dropwise to a stirred 
ice-cooled mixture of 1 ,2.4.triazole (5.66 g, 81.99 mmol) and phosphorous 
oxychloride (0.86 mL, 9.1 1 mmol) in 50 mL of anhydrous acetonitrile. To the 
resulting suspension a solution of 3'.5'-0-(tetraisopropyl-disiloxane-1,3-diyi)- 

10 2'-C-ailyl uridine (2.32 g, 4.55 mmol) in 30 mL of acetonitrile was added 
dropwise and the reaction mixture was stirred for 4 h at room temperature. 
The reaction was concentrated in vacuo to a minimal volume (not to dryness). 
The. residue was dissolved In chlorofonn and washed with water, saturated aq. 
sodium bicarbonate and brine. The organic layer was dried over sodium 

IS sulfate and the solvent was removed in vacuo. The resulting foam was 
dissolved in 50 mL of 1 ,4-dioxane and treated with 29% aq. NH4OH overnight 
at room temperature. TLC (chlorofonm:methanol / 9:1) showed complete 
conversion of the starting material. The soijtion was evaporated, dried by 
coevaporation with anhydrous pyridine and acetylated with acetic anhydride 

20 (0.52 mL. 5.46 mmol) in pyridine overnight. The reaction mixture was 
quenched with methanol, evaporated, the residue was dissolved in 
chloroform, washed with sodium bicarbonate and brine. The organic layer 
was dried over sodium sulfate, evaporated to dryness and purified by flash 
chromatography on silica gel (3% MeOH in chlorofomi). Yield 2.3 g (90%) as 

25 a white foam. 

Example 40: 5'-0-Dimethoxvtrit v|.2'-C-Allvl.Af 4 .Acetvl.C:vtiflinA 

This compound was obtained analogously to the uridine derivative 9 in 
55% yield. 
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Example 41: 5'>0-Dimethoxvtritv l-g-f>allvl-A^-Acetvl-Cvtidine 3W2-CYann. 
ethyl A/.A/'diisopropylphosphoramidite^ f12) 

2'-0-Dimethoxytrityl-2*-Oallyl-A/4-acetyl cytidine (0.8 g, 1.31 mmol) was 
dissolved in dry dichioromethane under argon. A/,A/-Ditsopropylethylamine 
5 (0.46 mL. 2.62 mmol) was added and th6 solution was ice-cooled. 2- 
Cyanoethyl A/,A/-diisopropylchlorophosphoramidite (0.38 mL. 1.7 mmol) was 
added dropwise to a stirred reaction solution and stirring was Qontinued for 2 h 
at room temperature. The reaction mixture was then ice-cooled and quenched 
with 12 mL of dry methanol. After stirring for 5 m. the mixture was 
10 concentrated in vacuo (40 ''C) and purified by flash chromatography on silica 
gel using chlorofomfi:ethanol / 98:2 with 2% triethylamine mixture as eluent. 
Yield: 0.91 g (85%), white foam. 

Example 42: 2''Deoxy-2'*Methylene-Urtdine 

2'-Deoxy-2'-methylene-3'.5*-0(tetraisopropyldisjloxane-1,3-diy!)-uridine 
.15 14 (Hansske.F.; Madej.D.; Robins.M. J. Tetrahedron 1984. 40, 125 and 
Matsuda.A.; Takenuki.K.; Tanaka.S.; Sasaki.T.; Ueda.T. J. Med, Chem. ig*"*!. 
34. 812) (2.2 g, 4.55 mmol ) dissolved in THF (20 mL) was treated with i M 
TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on a silica gel column. 
20 2*-Deoxy-2'-methylene-uridine (1.0 g, 3.3 mmol, 72.5%) was eluted with 20% 
MeOH in CHgClg. 

Example 43: 5^0-DMT-2'-Deoxv-2'-Methylene-Uridine ns^ 

2*-Deoxy-2'-methylene-uridine (0.91 g. 3.79 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI in pyridine (10 mL) was added 
25 dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHCOs, water and brine. The organic extracts were dried 
over MgS04. concentrated in vacuo and purified over a silica gel column 

30 using EtOAc:hexanes as eluant to yield 15 (0.43 g. 079 mmol. 22%). 
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diisoorQoylphosDhoraqij^jtft) (17) 

1-(2'-Deoxy.2'.n,ethylene-5'-0-dimethoxytrityl-p-D-ribofuranosyl)-uracil 
(0.43 g. 0.8 mmol) dissolved in dry CH2CI2 (15 mL) was placed in a round- 
bottom flask under Ar. Dlisopropylethylamlne (0.28 mL. 1.6 mmol) was added 
followed by the dropwise addition of 2-cyanoethyl /V./V-dllsopropylchlorophos^ 
phoramldite (0.25 mL. 1.12 mmol). The reaction mixture was stirred 2 h at RT 
and quenched with ethanol (1 mL). After 10 m the mixture evaporated to a 
syrup in vacuo (40 »Cj. The product (0.3 g. 0.4 mmol. 50%) was purified by 
flash column chromatography over silica gel using a 25-70% EtOAc gradient 
m hexanes. containing 1% triethylamine. as eluant. R, 0.42 (CH2CI2: MeOH / 
15l1) 

Example 45; ?'-Deoxv-P'-nifiuoromethvi»n«..a- ^t' .OLrrBtr^i.np mpyiHi.j,^^ 
ane.l.3.dlviwiiriH»n^ 



2'-Keto-3*.5'-0-(tetraisopropyldisiloxane-1.3-diyl)uridine 14(1 92 g 12 6 
mmol) and triphenylphosphine (2.5 g. 9.25 mmol) were dissolved in diglyme 
(20 mL). and heated to a bath temperature of 160 'C. A v . ,., (60 "C) solution 
of sodium chlorodifluoroacetate in diglyme (50 mL) was added (dropwise from 
an equilibrating dropping funnel) over a period of -1 h. The resulting mixture 
20 was further stirred for 2 h and concentrated in vacuo. The residue was 
dissolved in CHgClg and chromatographed over silica gel. 2 -Deoxy-2'- 

difluoromethylene-3'.5'-0-(tetraisopropyldisiloxane-1.3-dlyl)-uridine (3.1 g. 5.9 
mmol. 70%) eluted with 25% hexanes in EtOAc. 



Examp l e 46: 2'-Deoxv-?'-Difluofnm»tf,y t ene4Jriflinp 



2'-Deoxy-2'-methylene-3'.5'.0-(tetraisopropyldisiloxane-l.3-diyl).uridine 
(3.1 g. 5.9 mmol) dissolved In THF (20 mL) was treated with 1 M TBAF in THF 
(10 mL) for 20 m and concentrated in vacuo. The residue was triturated with 
petroleum ether and chromatogtBphed on silica gel column. 2'-Deoxy-2'- 
difluoromethylene-uridine (1.1 g. 4.0 mmol. 68%) was eluted with 20% MeOH 
30 In CH2CI2. 
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Exgmpl9 47: 5'>ODMT-2'-Deoxv-2'-Dlfluoromet KvlenQ-Ufldine (16) . 

2'-Deoxy-2'-difluoromethyl0ne-uridine (1.1 g. 4.0 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI (1.42 g. 4,18 mmol) in pyridine (10 
mL) was added dropwise over 15 m. The resulting mixture vvas stirred at RT 
5 for 12 h and MeOH (2 mL) was added to quench the reaction. The mixture 
was concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHCOa. water and brine. The organic extracts were dried 
over MgS04, concentrated in vacuo and purified over a silica gel column 
using 40% EtOAcihexanes as eluant to yield 5'-0-DMT-2'-deoxy-2'- 
1 0 difluoromethylene-uridine 16 (1 .05 g, 1 .8 mmol, 45%). 

Example 48: 5'-0-DMT-2'>Deoxv-2'-DifluQromethvlene-Uridine 3'>rP- 
Cvanoethyl A/. A/^diisopropvlphosphoramidite) (18^ 

1-(2'-Deoxy-2'-difluoromethylene-5'-Odimethoxytrityl-p-D-ribofuranosyl)- 
uracil (0.577 g, 1 mmol) dissolved in dry CH2CI2 (15 ml) was placed in a 

15 round-bottom flask under Ar. Dilsopropylethylamine (0.36 mL. 2 mmol) was 
added, followed by the dropwise addition of 2-cyanoethyl A/,A/-diisopropyl- 
chlorophosphoramidite (0.44 mL, 1.4 mmol). The reaction mixture was stirred 
for 2 h at RT and quenched with ethanol (1 mL), After 10 m the mixture 
evaporated to a syrup in vacuo (40 X). The product (0.404 g, 0.52 mmol. 

20 52%) was purified by flash chromatography over silica gel using 20-50% 
EtOAc gradient in hexanes, containing t% triethylamine. as eluant. Rf 0.48 
(CH2CI2: MeOH/ 15:1). 

Example 49: 2'-Deoxv-2'-Methviene-3\5'.0>aetr aisoDrGovldisiiQxanA-i 

divn-4>A/>Acatyl-nytiriinA on 

25 Triethylamine (4.8 mL. 34 mmol) was added to a solution of POCI3 (0.65 

mL, 6.8 mmol) and 1 ,2,4-triazole (2.1 g, 30.6 mmol) in acetonrtrile (20 mL) at 0 
''C. A solution of 2'-deoxy-2*-methylene-3',5'-0(tetraisopropyldisiloxane-1 ,3- 

dlyl) uridine 19 (1.65 g, 3.4 mmol) in acetonitrile (20 mL) was added dropwise 
to the above reaction mixture and left to stir at room temperature for 4 h. The 

30 mixture was concentrated in vacuo, dissolved in CH2CI2 (2 x 100 mL) and 
washed with 5% NaHCOa (1 x 100 mL). The organic extracts were dried over 
Na2S04 concentrated in vacuo, dissolved in dioxane (10 mL) and aq. 
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ammonia (20 mL). The mixture was stirred for 12 h and concentrated in 
vacuo. The residue was azeotroped with anhydrous pyridine (2 x 20 mL) 
Acetic anhydride (3 mL) was added to the residue dissolved in pyridine stirred 
at RT for 4 h and quenched with sat. NaHCOa (5 mL). The mixture was 
concentrated in vacuo, dissolved in CH2CI2 (2 x 100 mL) and washed with 5% 
NaHCOa (1 X 100 mL). The organic extracts were dried over Na2S04 
concentrated in vacuo and the residue chromatographed over silica gel 2'- 

Deoxy-2'-methylene-3'.5'-0-(tetralsopropyldisHoxane.1.3-diyl).4-A/-acetyl- 
cytidine 20 (1.3 g. 2.5 mmol. 73%) was eluted with 20% EtOAc in hexanes. 

E xample 50; i-f?^neoxv.2'.MethviAno.^-. o .Di^p,hnvYt ritY' -B-D-rihnf..r.n». 
svn.4./v.AftptYi.^Yt^^lnft Z1 

2'-Oeoxy-2'-methylene-3'.5'-0-(tetraisopropyldisiloxane-l.3-diyl)-4-/V- 
acetyl^ytldine 20 (1.3 g. 2.5 mmol) dissolved In THF (20 mL) was treated with 
1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on silica gel column. 2'- 
Deoxy.2'-methylene-4-A/-acetyl-cytidine (0.56 g. 1.99 mmol. 80%) was eluted 
with 10% MeOH in CH2CI2. 2'-Deoxy.2'.methylene-4-A/-acetyl-cytidir.o (0.56 
g. 1.99 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI 
(0.81 g. 2.4 mmol) in pyridine (10 mL) was added dropwise over 15 m The 
resulting mixture was stin-ed at RT for 12 h and MeOH (2 mL) was added to 
quench the reaction. The mixture was concentrated in vacuo and the residue 
taken up in CH2CI2 (100 mL) and washed with sat. NaHCOg (50 mL). water 
(50 mL) and brine (50 mL). The organic extracts were dried over MgS04 
concentrated in vacuo and purified over a silica gel column using 
25 EtOAc:hexanes / 60:40 as eluant to yield 21 (0.88 g, 1 .5 mmol. 75%). 

Example SI; 1'f?'~Pflnxv-?'-M ethvl9ne-5 '- o - D imethQwtritvi.p.n.^-^ f..r,^.. 

SVn-4-/^A(?etV|-nVtnsine T-f2-Cvanomhv|./V.A/.di.snnronylp hosohor;.miHi«.} 

1-(2'-Deoxy-2'-methylene-5'-0-dimethoxytrilyl-p-o-ribofuranosyl)-4-A/- 
30 acetyl-cytosine 21 (0.88 g. 1.5 mmol) dissolved in dry CH2CI2 (10 mL) was 
placed in a round-bottom flask under Ar. Oiisopropylethylamine (0.8 mL. 4.5 
mmol) was added, followed by the dropwise addition of 2.cyanoethyl /V.A/- 
diisopropylchlorophosphoramidlte (0.4 mL. 1.8 mmol). The reaction mixture 
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was stirred 2 h at room temperature and quenched with ethanot (1 mL). After 
10 m the mixture evaporated to a syrup in vacuo (40 ^C). The product 22 
(0.82 g, 1.04 mmol, 69%) was purified by flash chromatography over silica gel 
using 50-70% EtOAc gradient in hexanes, containing 1% triethylamine, as 
5 eluant. Rf 0.36 (CHaClarMeOH/ 20:1). 

Example 52; 2''PwxY-2'-Pifl»orpm9thyi9n9-3',5'-C?-(T9trai$9propyi 
diS!loxaP9'1 >3-diyl)'4'/v-Awtyl-Cyt{d!n9 fg4) 

EtaN (6.9 mL, 50 mmol) was added to a solution of POCI3 (0.94 p^l. 10 
mmol) and 1 ,2,4-triazole (3.1 g, 45 mmol) in acetonitrile (20 mL) at 0 ''C. A 

10 solution of 2'-deoxy-2'-difluoromethylene-3\5'-0-(tetraisopropyldisiloxane- 
1.3-diyl)uridine 23 ((described in example 45] 2.6 g, 5 mmol) in acetonitrile 
(20 mL) was added dropwise to the above reaction mixture and left to stir at RT 
for 4 h. The mixture was concentrated in vacuo, dissolved in CH2CI2 (2 x 100 
mL) and washed with 5% NaHCOa (1 x 100 mL). The organic extracts were. 

1 5 dried over Na2S04 concentrated in vacuo, dissolved in dioxane (20 mL) and 
aq. ammonia (30 mL). The mixture was stirred for 12 h and concentrated in 
vacuo. The residue was azeotroped with anhydrous pyridine (2 x 20 mL). 
Acetic anhydride (5 mL) was added to the residue dissolved in pyridine, stirred 
at RT for 4 h and quenched with sat. NaHCOa (5mL). The mixture was 

20 concentrated in vacuo, dissolved in CH2CI2 (2 x 100 mL) and washed with 5% 
NaHCOs (1 X 100 mL). The organic extracts were dried over Na2S04. 
concentrated in vacuo and the residue chromatographed over silica gel. 2*- 
Deoxy-2'-difluoromethylene-3',5'-0(tetraisopropyldisiloxane-1,3-diyl)-4-/V- 
acetyi-cyttdine 24 (2.2 g, 3.9 mmol. 78%) was eluted with 20% EtOAc in 

25 hexanes. 

Example 53: 1 >f 2'-Deoxv-2'-DifluoromQthvlene-5'-0-Dimethoxvtritvl>a>D-ribo- 
furanosYh-4-AA»Acetvl>Cvtosine (25) 

2'-Deoxy-2'-difluoromethylene-3\5'-0(tetraisopropyldisiloxane-1,3-diyl)- 
4-A/-acetyl-cytidine 24 (2.2 g. 3.9 mmol) dissolved in THF (20 mL) was treated 
30 with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The residue 
was triturated with petroleum ether and chromatographed on a silica gel 
column. 2*-Deoxy-2'-difluoromethylene-4-A/-acetyl-cytidine (0.89 g, 2.8 mmol. 
72%) was eluted with 10% MeOH in CH2CI2. 2'-Deoxy-2'-difluoromethylene- 
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4-/V-acelyl-cytidine (0.89 g, 2.8 mmol) was dissolved in pyridine (10 ml) and a 
solution of DMT-CI (1.03 g, 3.1 mmol) in pyridine (10 mL) was added dropwise 
over 15 m. The resulting mixture was stirred at RT for 12 h and MeOH (2 mL) 
was added to quench the reaction. The mixture was concentrated in vacuo 
5 and the residue taken up in CH2CI2 (100 mL) and washed with sat. NaHCOa 
(50 mL). water (50 mL) and brine (50 mL). The organic extracts were dried 
over MgS04. concentrated in vacuo and purified over a silica gel column 
using EtOAc:hexanes / 60:40 as eiuant to yield 25 (1 .2 g, 1 .9 mmol. 68%). 

Example 54: 1'f2'>Deoxy>2* -DifluoromQthvlene-5'>0-DimethQxvtritYUp.n- 
10 ribofuranosvlM^A/^Acetv lcvtosine 3*W2-cvanoQthyl>N.N>diisQproDvlDhosphQN 
mm9) (26) 

1-(2'-Deoxy-2*-dlfluoromethylene-5*-C?-dimethoxytrityl-p-D-ribofuranosyl)- 
4-/V-acetylcytosine 25 (0,6 g, 0.97 mmol) dissolved in dry CH2CI2 (10 mL) was 
placed in a round-bottom flask under Ar. Oiisopropylethylamine (0.5 mL. 2.9 

15 mmol) was added, followed by the dropwise addition of 2-*cyanoethyl N,N- 
diisopropylchlorophosphoramidite (0.4 mL. 1.8 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture was evaporated to a syrup in vacuo (40 *C). The product 26. a white 
foam (0.52 g, 0.63 mmol, 65%) was purified by flash chromatography over 

20 silica gel using 30-70% EtOAc gradient In hexanes. containing 1% 
triethylamine. as eiuant. Rf 0,48 (CH2Cl2:MeOH / 20:1). 

Example 55: 2'-Keto-3'.5'-Q>r retraisoprooyldisilQxane-1 .3-divn-6-A/-M>NButyU 

benzpYD-AdenQglng (29) 

Acetic anhydride (4.6 mL) was added to a solution of 3\5*-0-(tetraiso- 
25 propyldislloxane-1.3-diyl)-6-A/-(4-f-butylbenzoyl)-adenosine (Brown.J,; 
Christodolou. C; Jones.S.; Modak,A.; Reese.C; Sibanda.S.; Ubasawa A. J. 
Chem .Soc. Per/c/n Trans, / 1 989. 1735) (6.2 g, 9.2 mmol) in DMSO (37 mL) 
and the resulting mixture was stirred at room temperature for 24 h. The 
mixture was concentrated in vacuo. The residue was taken up in EtOAc and 
30 washed with water. The organic layer was dried over MgS04 and 
concentrated in vacuo. The residue was purified on a silica gel column to 
yield 2*-keto-3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-AA(4-f-butylbenzoyl)- 
adenosine 28 (4.8 g. 7.2 mmol, 78%). 
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Example 56: 2'>DQoxy>2^mQthvlene>3'.5'-0-(TetraisQprQp vldisiloxane-1 

ciiYn-g-/V-(4-f-ButyH?9nzoyO-A<!9nosin9 (29) 

Under a pressure of argon, sec-butyllithium in hexanes (11.2 mL, 14.6 
mmol) was added to a suspension of triphenylmethylphosphonium iodide 
5 (7.07 g,17.5 mmol) in THF (25 mL) cooled at -78 The homogeneous 
orange solution was allowed to warm to -30 ''C and a solution of 2'-keto-3',5'- 
0-(tetratsopropyldisiloxane-1,3-diyl)-6*A/-(4-r-buty[benzoyl)-adenosine 28 
(4.87 g, 7.3 mmol) in THF (25 mL) was transferred to this mixture under argon 
pressure. After warming to RT. stirring was continued for 24 h, THF was 

1 0 evaporated and replaced by CH2CI2 (250 mL), water was added (20 mL)« and 
the solution was neutralized with a cooled solution of 2% HCI. The organic 
layer was washed with H2O (20 mL). 5% aqueous NaHCOa (20 mL). H2O to 
neutrality, and brine (10 mL). After drying (Na2S04). the solvent was 
evaporated in vacuo to give the crude compound, which was 

15 chromatographed on a silica gel column. Elution with light petroleum 
ethenEtOAc / 7:3 afforded pure 2"-deoxy-2*-methylene-3\5'-0-(tetraisopropyl- 
disiloxane-1,3-diyl)-6-A/-(4-f-butylbenzoyl)-adenosine 29 (3.86 g, 5.8 mmol. 
79%). 

Example 57: 2*-Deoxy-2'-Methvlene-6-A^(4'f'Butylben2oyn-Adenosine 

20 2'-Deoxy-2'-methylene-3\5'-0-(tetraisonropyldisiloxane- 1 ,3-diyl)-6- A/-(4- 

/-butylbenzoyl)-adenosine (3.86 g, 5.8 mmol) dissolved in THF (30 mL) was 
treated with 1 M TBAF in THF (15 mL) for 20 m and concentrated in vacuo. 
The residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Deoxy-2*-methylene-6-A/-(4-f-butylbenzoyl)-adenosine 

25 (1 .8 g. 4.3 mmol, 74%) was eluted with 10% MeOH in CH2CI2. 

Example SB: 5'-0-DMT>2'-Deoxv>2'-Methvlene-6-/ V-(4>NButvlben20vl)> 
Adenpging (Z9) 

2'-Deoxy-2'-methylene-6-/V-(4-r-butylbenzoyl)-adenosine (0.75 g, 1.77 
mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI (0.66 g. 
30 1.98 mmol) In pyridine (10 mL) was added dropwise. over 15 m. The resulting 
mixture was stirred at RT for12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue tal<en up in 
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CH2CI2 (100 mL) and washed with sat. NaHCOa, water and brine. The 
organic extracts were dried over MgS04, concentrated in vacuo and purified 
over a silica gel column using 50% EtOAc:hexanes as an eluant to yield 29 
(0.81 g. 1.1 nrunol, 62%). 

5 Example 59: 5^0-DMT>2^Daoxv-g'>Mflt hvlene-6>A/-/it>f-Butvlben2QylU 
Adenosine 3'-f2-Cvanoethvl M/V-diisopropvlpho sphoramidita^ ^31^ 

1-(2'-Deoxy-2'-methylene-5'-OKJimethoxytrityl-p-o-ribofuranosyl)-6-/V-(4- 
f-butylben2oyl)-adenine 29 dissolved in dry CH2CI2 (15 mL) was placed in a 
round bottom flask under Ar. Diisopropylethylamine was added, followed by 

10 the dropwise addition of 2-cyanoethyl A/,A/-diisopropylchlorophosphoramidite. 
The reaction mixture was stinred 2 h at RT and quenched with ethanol (1 mL). 
After 10 m the mixture was evaporated to a syrup in vacuo (40 ^C). The 
product was purified by flash chromatography over silica gel using 30-50% 
EtOAc gradient in hexanes, containing 1% triethylamine, as eluant (0.7 g, 0.76 

1 5 mmol, 68%). Rf 0,45 (CH2CI2: MeOH / 20:1) - 

Example 60: 2'>Peoxv-2^Difluorome thvlene-3'.5^0fTetraisQProDvtdisilox> 
ane-1.3-divn>6-A/>M-f-Butvlben7Q yn>AdenosinB 

2*-Keto-3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/-(4-f-butylbenzoyl)- 
adenosine 28 (6.7 g. 10 mmol) and triphenylphosphine (2.9 g, 1 1 mmol ) were 

20 dissolved in diglyme (20 mL), and heated to a bath temperature of 160 °C. A 
warm (60 ""C) solution of sodium chlorodifluoroacetate (2.3 g, 15 mmol) in 
diglyme (50 mL) was added (dropwise from an equilibrating dropping funnel) 
over a period of --1 h. The resulting mixture was further stin-ed for 2 h and 
concentrated in vacuo. The residue was dissolved in CH2CI2 and 

25 chromatographed over silica gel. 2'-Deoxy-2*-difluoromethylene-3\5'-0- 
(tetraisopropyldisiloxane-1 ,3-dlyl)-6-A/-(4-f-butylbenzoyl)-adenosine (4.1g. 6.4 
mmol. 64%) eluted with 15% hexanes in EtOAq. 

g?(ample 61: 2'-Deoxv-2'-DifluorQmethvlene-6>A/W4-NButvlben7Qyn> 
Adenosine 



30 



2*-Deoxy-2*-difluoromethylene-3\5'-0-(tetraisopropyldisiloxane-1,3-diyl)- 
6-A/-(4-/-butylbenzoyl)-adenosine (4.1 g. 6.4 mmol) dissolved in THF (20 mL) 
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was treated with 1 M TBAF in THF (10 mL) for 20 m and concentrated in 
vacuo. The residue was triturated wtth petroleum ether and chromatographed 
on a silica gel column. 2'-Deoxy-2'-difluoromethylene-6-/V-(4-/-butylben2oyl)- 
adenosine (2.3 g, 4.9 mmol, 77%) was eluted with 20% MeOH in CH2CI2. 

5 Example 62: 5'-0-DMT.3'.nfl ow.g'.DiflunrftmethvlenB.fi.A/.M.f.p ..^[. 

2'-Deoxy-2'-dlfluoromethylene-6-A/-{4-f-butylben2oyl)-adenosine (2.3 g, 
4.9 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI in 
pyridine (10 mL) was added dropwise over 15 m. The resulting mixture was 

10 stirred at RT for 12 h and MeOH (2 mL) was added to quench the reaction. 
The mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat. NaHCOa. water and brine. The organic 
extracts were dried over MgS04, concentrated in vacuo and purified over a 
silica gel column using 50% ElOAc:hexanes as eluant to yield 30 (2.6 g. 3 41 

15 mmol, 69%). 

gyamPle 63: 5'-0•DMT•2^•Deox v.2'^Difl^o^nmethvlen6-fi.A/.r4•^Butvl. 
t?ep2ovl)-Adenosine 3W2-CvanQflthvl A/ AZ-Hiifin proovlohosphoramiditet 1^7) 

1-(2'-Deoxy-2*-difluoromethylene.5'-0-dimethoxytrityl-p-o-ribofuranosyl)- 
6-A/-(4-f-butylben2oyl)-adenine 30 (2.6 g. 3.4 mmol) dissolved in dry CH2CI2 

20 (25 mL) was planed in a round bottom flask under Ar. Diisopropylethylamine 
(1.2 mL, 6.8 mmol) was added, followed by the dropwise addition of 2- 
cyanoethyl /V,/V-dilsopropylchlorophosphoramldite (1,06 mL, 4.76 mmol). The 
reaction mixture was stirred 2 h at RT and quenched with ethanol (1 mL). After 
10 m the mixture evaporated to a syrup in vacuo (40 "C). 32 (2.3 g. 2,4 mmol. 

25 70%) was purified by flash column chromatography over silica gel using 20- 
50% EtOAc gradient in hexanes. containing 1% triethylamine, as eluant. Rf 
0.52 (CH2CI2: MeOH / 15;1). 

Example 64: P'-nflOYV-2'-MQthoyvna rfaonvlmathYf'^'ne.3'.S'.Q.rrfltrai..in. 
ProPvldisilnyanfl.1 .^ -dlvn-UridinR (.^? ) 



30 



Methyl(triphenylphosphoranylidine)acetate (5.4 g, 16 mmol) was added 
to a solution of 2'-keto-3',5'-0-(tetralsopropyl disiloxane-i.3-diyl)-uridine 14 in 
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CH2CI2 under argon. The mixture was left to stir at RT for 30 h. CH2CI2 (100 
mL) and water were added (20 mL), and the solution was neutralized with a 
cooled solution of 2% HCI. The organic layer was washed with H2O (20 mL), 
5% aq. NaHCOa (20 mL), H2O to neutrality, and brine (10 mL). After drying 
5 (Na2S04), the solvent was evaporated in vacuo to give crude product, that 
was chromatographed on a silica gel column. Elutlon with light petroleum 
etherEtOAc / 7:3 afforded pure 2'-deoxy-2'-methoxycarbonylmethylidine-3',5*- 
O(tetraisopropyldisiloxane-1,3-diyl)-uridine 33 (5.8 g. 10.8 mmol, 67.5%). 

Example 65: 2'-Deoxv>2'-Methoxvcarbo nvlmethylidine-Uridine ^34) 

10 Et3N*3 HF (3 mL) was added to a solution of 2*-deoxy-2'-methoxy- 

carboxylmethylidine-3*.5*-0(tetraisopropyldisiloxane-K3-diyl)-uridine 33 (5 g. 
9.3 mmol) dissolved in CH2CI2 (20 mL) and EtaN (15 mL). The resulting 
mixture was evaporated in vacuo after 1 h and chromatographed on a silica 
gel column eluting 2'-deoxy-2'-methoxycarbonylmethylidine-uridine 34 (2.4 g, 

1 5 8 mmol, 86%) with THF:CH2Cl2 / 4: 1 . 

Example 66: 5'-0-DMT-2'-DeQxy-2'-M ethQxvcarfaQnvlmethvlidine-lJririinP 

2*-Deoxy-2'-methoxycarbonylmethylidine-uridine 34 (1.2 g. 4.02 mmol) 
was dissolved in pyridine (20 mL). A solution of DMT-CI (1.5 g. 4.42 mmol) in 

20 pyridine (10 mL) was added dropwise over 15 m. The resulting mixture was 
stirred at RT for 12 h and f^eOH (2 mL) was added to quench the reaction. 
The mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat NaHCOa. water and brine. The organic 
extracts were dried over MgS04. concentrated in vacuo and purified over a 

25 silica gel column using 2-5% MeOH in CH2CI2 as an eluant to yield 5*-ODMT- 
2'-deoxy-2'-methoxycarl>onylmethyHdlne-uridine 35 (2.03 g, 3.46 mmol. 86%). 

Example 67: 5'-(>DMT«2'-Deoxv->2'-M ethoxvcarbonvlmeth\/lidine»Uridine 
(2-cvanQethyUA/,A^ rijisoDroPvlDhosphoramidite^ (36) 

1-(2*-Deoxy-2*-2*-methoxycarbonylmethylidine-5'-0-dimethoxytrityl-p-D- 
30 ribofuranosyl)-uridine 35 (2.0 g, 3.4 mmol) dissolved in dry CH2CI2 (10 mL) 
was placed in a round-bottom flask under Ar. Diisopropylethylamine (1.2 mL. 
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6.8 mmol) was added, followed by the dropwise addition of 2-cyanoethyl N.N- 
dlisopropylchlorophosphoramldite (0.91 mL. 4.08 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture was evaporated to a syrup in vacuo (40 "C). 5'-O^DMT-2'-deoxy.2'- 
5 methoxycarbonylmethylidine-uridine 3'-(2-cyanoethyl-/V.A/-diisopropylphos- 
phoramidite) 36 (1.8 g. 2.3 mmol. 67%) was purified by flash column 
chromatography over silica gel using a 30-60% EtOAc gradient in hexanes. 
containing 1% triethylamine, as eluant. Rf 0.44 (CH2Cl2:MeOH'/ 9.5:0.5). 

Example 68; ?'-nBoxv-2'-Cart)oxvmethviidinft.. r.5'.o.nrfltrai^oDrQoyidi- 
10 siloxane-1.3. divn.Uridinfl .^7 

2'-Deoxy-2'-methoxycarbonylmethylidine-3*.5'-0-(tetraisopropyldisilox- 
ane-1.3-diyl)-uridine 33 (5.0 g. 10.8 mmol) was dissolved in IVIeOH (50 mL) 
and 1 N NaOH solution (50 mL) was added to the stirred solution at RT. The 
mixture was stirred for 2 h and MeOH removed in vacuo. The pH of the 
1 5 aqueous layer was adjusted to 4.5 with 1 N HCI solution, extracted with EtOAc 
(2 X 100 mL). washed with brine, dried over MgS04 and concentrated in 
vacuo to yield the crude acid. 2'-Deoxy-2'-carboxymethylidine-3'.5'.0- 
(tetraisopropyldislloxane-1.3-diyl)-uridine 37 (4.2 g. 7.8 mmol. 73%) was 
purified on a silica gel column using a gradient of 10-15% MeOH in CH2CI2. 

-° Example 69; sSvnthesis of 2'-C-allvl.U nhosnh oramidite fmm 5'.0.DMT..-^-.O. 
TBDMS-Uridina 

Referring to Figure 54, in order to simplify the synthetic scheme for 
phosphoramidites 5 and 8 we also explored the potential of 5*-0-DMT-3'-0- 
TBDI^S-Uridine 10 (side product in preparation of standard RNA monomers) 

J5 as a starting material in the synthesis of key intermediate 4. 
Phenoxythlocarbonylatlon of starting synthon 10 according to Robins (Robins. 
M. J., Wilson J. S. and Hansske. F. (1983). J. Am. Chem. Soc, 105, 4059) 
surprisingly led to thioester 11 ( 91 %) without notteeable migration (Scaringe, 
S.A., Franclyn, C. & Usman. N. (1990) Nucleic Acids Res ..18. 5433-5441) of 

0 the TBDMS group. Comparative analysis of 1h NI^R data for compounds 10 
and 1 1 revealed that resonance of H-2' experienced up field shift of 2.0 
ppm(from 6.06 to 4.13) in 11 compare to starting compound 10. at the same 
time chemical shift of H-3* and H-l* changed only slightly: 4.83 ppm(H-3*) and 
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6.48 ppm (H-V) in 11 compare to 4.36(H-3') ppm and 5.93 ppm (H-1') in 10 
and chemical shift of H-4' remains practically unchanged indicating acylation 
at C-2-0H. Heck allylation of intermediate 11 with 2-,2'-A2obis-(2-methyl 
propionitrile) (other groups can be introduced by standard procedures) 
5 resulted in a formation of 2'-C-allyl derivative 12 (70 % ) and related 2'-deoxy 
by-product ( 15% ). Subsequent desilylation of 12 led to 5'-0-OMT derivative 
4 identical to the one synthesized from thioester 2. Since the starting material 
for this route is commercially available this may represent a less laborious way 
to key synthon 4 as well as for other 2'- modified monomers. This 
10 methodology can be used to introduce other 2'-C-allyl groups using 
compound 1 1 (or its equivalent for other bases) as an intermediate. 

Example 70: Synthesis of 5'-O.Dimathoxvtritvl .2'.O.Phftnnyvthiocarhnnyl.a'. 
0-t-bvtuldim6thvteilyl.iiririjnft 1^ 

To a stirred solution of 5'-O-0imethoxytrityl-3'-O-t-bytuldimethylsilyl- 
15 uridine (Commercially available from Chem Genes Corporation) (5.0 g 7.57 
mmol) and dimethyiaminopyridine (1.8g. 15 mmol) in 100 ml of dry acetonitril 
a solution of phenylchlorothionoformate (1.26ml, 9.1 mmol) in 25 ml of 
acetonitrile was added dropwise and the reaction mixture stirred at room 
temperature for 3 hours. TLC (ethylacetate-hexanes 1:1) showed 
20 disappearance of starting material and the reaction mixture was concentrated 
in vacuo. The residue was purified by flash chromatography on silica gel 
CH2CI2 as an eluent to give 5.51 g (91.3%) of the product. 

1 H NMR (CDCI3) 6 0.95 (s. 9H. tBu). 0.1 1 (s. 3H. CH3). 0.04 (s. 3H. CH3) 
3.57 (2H. H5". HS*. m J5'.4'=2.4., J5".4'=2.8.. J5\5'=11.0). 3.86 (6H. OCH3. 
25 s). 4.07 (1H. H4'. m). 4.83 (1H. H3'. dd. J3'.4'=2.8 J3*.2'=5^). 5.44 (1H. H5. d. 
J5.6=8.0) 5.99 (1H. H2*. dd. J2M '=6.4 . J2'.3"= 5.2 ), 6.46 (1H. Hi*, d. 
Jr.2'=6.4) . 6.89-7.79 (18H. DMT. Phe. m). 7.88 (1H. H6. d* Je 5=8.0) 7 95 
(1H. N-H.bs). 

Example 71: .Synthesis of fi'-0-Dimflthnifv tritvl.g'-r^Al(Y |.3'. (>t- 
30 bytuldimftthyt silvi-uridinfl/l 9) 



To a refluxing under argon solution of 5'-0-Dimethoxytrityl-2'-0- 
Phenoxythiocarbonyl-3'-0-t-bytuldimethylsilyl-uridine (5.5g. 6.9 mmol) and 
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allyltributyltin (10,7ml, 34,5 mmol) In dry toluene (150 ml) a solution of 2-.2'- 
Azobis-(2-methyl propionitrile) (0.28g 1,72 mmol) in 50 ml of dry toluene was 
added dropwise for 1 hour. The resulting mixture was allowed to reflux under 
argon for additional 2 hours. After that it was concentrated in vacuo and 
5 purified by flash chromatography on silica gel with gradient ethylacetate in 
hexanes (0-30%) as an eluent. Yield 3.38g (70.0%). 

1H NMR (CDCI3) 6 0.95 (s, 9H. tBu). 0.11 (s. 3H. CH3). 0.04 (s. 3H. 
CH3).2.23 (1H. H6'. m). . 2.38-2.52 (2H. H6" and H2*. m). 3.46 (2H, H5' and 
H5", m. J5'.4'=2.5.. J5".4*=3.2 J5'.5''=10.8). 3.86 (6H, OCH3. s). 4.13 ( 1H. 
10 H4', dd. J4'.3'=8.0. J4',5-3.2.J4'.5'=2.5). 4.46 (1H, H3'. m). 5.15 (1H. H8'. d. 
J8'.7'=10.0). 5.20 (1H. H9'. d. J9'.7'=17.3). 5.44 (1H. H5. d. J5.6=8.0). 5.81 
(1H, H7'. dddd. J7*,6'=6.0. J7',6"=8.0), 6.14 (1H; Hi', d. Jv.2'=a.O). 6.88-7.52 
(13H. DMT. m). 7.76 (1H. H6. d. J6.5=8.0). 8.17 (IH. N-H. bs) 

Example 72: Synthesis of 5'-0-Dimethoyvtrit y|.2'.C-Allvl Uridine U) from 
^5 Pimeth0XVtritvl-2'.O-AIM.3'.O.«.bvtuldimP thvl-silvl.ijririinP 

Sta ..-'.7rd deprotection of TBDMS derivative 12 utilizing general method 
A fumis: .0" product 4 (yield 80%) identical to the compound prepared from 2'- 
C-allyl derivative 3. 

Uses 

20 The alkyi substituted nucleotides of this invention can be used to fonn 
stable oligonucleotides as discussed above for use in enzymatic cleavage or 
antisense situations. Such oligonucleotides can be fomied enzymatically 
using triphosphate forms by standard procedure. Administration of such 
oligonucleotides is by standard procedure. See Sullivan et al. PCT WO 

25 94/02595. 

The following are non-limiting examples showing the synthesis of nucleic 
acids using 2'-0-methylthioalkyl-substituted phosphoramidites and the 
syntheses of the amidites. 
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Exsmpig 73; Svnthf ' ^fe of Hammerhnad Rihn7vn ,^^ Containinr^ v.q. 

alMthiOalKvtnWlflOtirlfls & Othar MnHjfj pd Nuclftn^ i^^y; 

The method of synthesis follows the procedure for normal RNA 
synthesis as described in Usman.N.; Ogilvie.K.K.; Jiang.M.-Y.; Cedergren R J 
J. Am. Chem. Soc. 1987. 109. 7845-7854 and in Scaringe.S.A.: FranWyn.C ' 
Usman.N. Nucleic Acids Res. 1990. 18. 5433-5441 and makes use of 
common nucleic acid protecting and coupling groups, such as dimethoxytfltyl 
at the 5"-and. and phosphoramldites at the 3'-end. These 2'-0-alkyIthioalkvl 
substituted phosphoramidites may be incorporated not only into hammerhead 
nbozymes. but also into halipln. hepatitis delta virus. Group I or Group (I intron 
catalytic nucleic acids, or into antisense ofigonucleotides. They are. therefore 
of general use in any nucleic acid stmcture. 

Exgfppig 74; ?>Ynthp < fl r ? of hn ^ n-protectPd T-o.rtatr;.i.nnrn p Y |wj.|...p„.. 

Referring to Figure 55. standard introduction of "Markiewicz" protecting 
group to the base-protected nucleosides according to 'Oligonucleotides and 
Analogues. A Practical Approach", ed. F. Eckstein.JRL Press. 1991 resulted in 
protected nucleosides (2) with 85-100% yields. Briefly, in a non-limiting 
example. Uridine (20g. 81.9 mmol) was dried by two coevaporations with 
anhydrous pyridine and re dissolved in the anhydrous pyridine. The above 
solution was cooled (OOQ) and solution of 1.3-dichloro-1.1.3 3- 
tetraisopropylsiloxane (28.82 mL. 90.09 mmol) in 30 mL of anhydrous 
dichloroethane was added dropwise under stirring. After the addition was 
completed the reaction mixture was allowed to wami to room temperature and 
stirred for additional two hours. Then it was quenched with MeOH (25 mL) 
and evaporated to dryness. The residue was dissolved in methylene chloride 
and washed with saturated NaHCOg and brine. The organic layer was 
evaporated to dryness and then coevaporated with toluene to remove traces 
of pyridine to give 39g (98%) of compound 2 (B=Ufa) which was used without 

30 further purification. 

Other 3'.5'-0-(tetraisopropyldisiloxane-1.3-di-yl)- nucleosides were 
obtained in 75-90% yields, using the protocol described above, starting from 



20 



25 
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base-protected nucleosides with final purification of the products by flash 
chromatography on silica gel when necessary. 

Example 75: General procedure for the synthesis of 2^Q- methvlthtQmpthY! 
PWteQgid^g (3) 

5 Referring to Figure 55. to a stirred ice-cooled solution of the mixture of 

base-protected 3',5*-0-(tetraisopropyldisiloxane-1.3-diyl) nucleoside (2) (7 
mmol), methyl disulfide (70 mmol). 2,6-lutidine (7 mmol) in methylene chloride 
(100 mL) or mixture methylene chloride - acetonitrile (1:1) under positive 
pressure of argon, solution of benzoyl peroxide (28 mmol) in methylene 

10 chloride was added dropwise during 1 hour. After complete addition the 
reaction mixture was stirred at O^C under argon for additional 1 hour. The 
solution was allowed to warm to room temperature, diluted with methylene 
chloride (100 mL). washed twice with saturated aq NaHCOa and brine. The 
organic layer was dried over sodium sulfate and evaporated to dryness. The 

15 residue was purified by flash chromatography on silica using 1-2% methanol 
in methylene chloride as an eluent to give corresponding methylthiomethyl 
nucleosides with 55: . % yield. 

Example 76: 5'-0- DimQthoxvtritvl-2'0-MGthvlthiomethvl-NucleQsides. ^6) 

Method A, The solution of the base-protected 3\5*-0- 
20 (tetraisopropyldisiloxane-1,3-diyl)-2'-0-methylthiomethyl nucleoside (3) (2.00 
mmol) in 10 ml of dry tetrahydrofuran (THF) was treated with 1M solution of 
tetrabutylammoniumfluoride in THF (3.0 ml) for 10-15 minutes at room 
temperature. Resulting mixture was evaporated, the residue was loaded to 
the silica gel column, washed with 1L of chloroform, and the desired 
25 deprotected compound was eluted with 5-10% methanol in dichliromethane. 
Appropriate fractions were combined, solvents removed by evaporation, and 
the residue was dried by coevaporation with dry pyridine. The oily residue 
was redissolved in dry pyridine, dimethoxytritylchloride (1.2 eq) was added 
and the reaction mixture was left under anhydrous conditions overnight. The 
30 reaction was quenched with methanol (20 ml), evaporated, dissolved in 
chloroform, washed with saturated aq sodium bicarbonate and brine. Organic 
layer was dried over sodium sulfate and evaporated. The residue was purified 
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by flash chromatography on silica gel to give 5'-0-Dimethoxytrityl derivatives 
with 70-80% yield. 

Method B. Alternatively. 5'-0-Dimethoxytrity|.2'0-Methylthiomethyl- 
Nucleosides (6) may also be synthesized using S'-O-Dimethoxytrityl-S'-O- 1- 
5 Butyl-dlmethy-lsllyl Nucleosides (4) as the starting material. Compound 4 is 
commercially available as a by-product during RNA phosphoramidite 
synthesis. Compond 4 is converted in to 3'-0-t-butyldimethylsilyl-2'-0- 
methylthiomethyl nucleoside 5. as described under example 3. The solution of 
the base-protected 3'-0-t-butyldimethylsilyl-2--0-methylthiomethyl nucleoside 
10 S (2.00 mmol) in 10 ml of dry tetrahydrofuran (THF) was treated with 1M 
solution of tetrabutylammoniumfluoride In THF (3.0 mi) for 10-15 minutes at 
room temperature. The resulting mixture was evaporated, and purified by 
Hash silica gel chromatography to give nucleosides 6 in 90% yield. 

gxamPl9 77; f>'-0-Pimeth0XVtritvl-2-.O.M^th^ l |hj »niethvl.M.,rlo»ciH^.,a. p 
^5 . Cvanoethvl-N N-diisnprn p Y| phosphnmamiriitoo) p| 

Standard phosphitylation of nucleoside 6 according to Scaringe S A • 
Fr-iklyn.C.; Usman.N. Nucleic Acids Res. 1990. 18, 5433-5441 yielded 
phosphoramidites In 70-85% yield. 

example 7P: General procedure for thp ^.vnthoci^ » ^ 2 -.O.MAthvlthi^ ptT^r,y. 
20 nucleosid^ff , — 

To a stirred ice-cooled solution of the mixture of base-protected 3" 5'-0- 
(tetraisopropyldisiloxane-1.3-diyl) nucleoside (14.7 mmol) . thioanisole (147 
mmol). N.N.dimethylaminopyridlne (58.8 mmol) in acetonftrie (lOO mL) under 
positive pressure of argon, benzoyl peroxide (36.75 mmol) was added 
25 portionwise over 3 hours. After complete addition the reaction mixture was 
allowed to wami to room temperature and was stirred under argon (or an 
additional 1 hour. The solvents were removed in vacuo, the residue was 

dissolved in ethylacetate. washed twice with saturated aq NaHCOa and brine 
The organic layer was dried over sodium sulfate and evaporated to dryness 
W The residue was purified by flash chromatography on silica using mixture 
EtOAc-hexanes (1:1) as eluent to give the corresponding methylthiophenyl 
nucleosides with 55-65% yield. 
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Example 79: 5'-0-Dfmethoxvtritvl-2'-0-Methvltht oDhenvl-NucleosidQs. 

These compounds were prepared as described above under examples 
76 and 76. 

Example 80: 5'-0-DimethQxvtritvl-2'-0-Methvlthiooh envl-Nucleosides-3'>r2> 
5 Cyanoethvl N.N-diisoorQDvlDhosDhor oamidites) 

Standard phosphitylation according to Scaringe.S.A.; Franklyn.C; 
Usman.N. Nucleic Acids Res. 1990. 18, 5433-5441 yielded 
phosphoramidites in 70-85% yield. 

Example 81: Rib ozymes containing 2'-0-methvlthiomethvl substitutions 

10 In a non-limiting example 2'-0-methylthioalkyl substitutions were made 

at various positions within a hammerhead ribozyme motif (Fig. 56, including 
U4 and U7 positions). The target site B was targeted by the hammerhead 
ribozyme in this non-limiting example. 

Hammerhead ribozymes (soe Fig. 56) were synthesized using solid- 
15 phase synthesis, as describ: above. Several positions were modified, 
individually or in combination, with 2 -O-methylthiomethyl groups. 

RNA cleavage assay in vitro: 

Substrate RNA is 5' end-labeled using [y-^^P] ATP and T4 polynucleotide 
kinase (US Biochemicals). Cleavage reactions were carried out under 

20 ribozyme 'excess* conditions. Trace amount (^ 1 nM) of 5' end-labeled 
substrate and 40 nM unlabeled ribozyme are denatured and renatured 
separately by heating to 90*^0 for 2 min and snap-cooling on ice for 10 -15 
min. The ribozyme and substrate are incubated, separately, at 37''C for 1 0 
min in a buffer containing 50 mM Tris-HCI and 10 mM MgCl2. The reaction is 

25 initiated by mixing the ribozyme and substrate solutions and incubating at 
37*'C. Aliquots of 5 ^l are taken at regular intervals of time and the reaction is 

quenched by mixing with equal volume of 2X formamide stop mix. The 
samples are resolved on 20 % denaturing polyacrylamide gels, the results 
are quantified and percentage of target RNA cleaved is plotted as a function of 
30 time. 
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Referring to Figure 57, hammerhead ribozymes containing 2*-0- 
methylthlomethyl modifications at various positions cleave the target RNA 
efficiently. Surprisingly, all the 2'-0-methylthiomethyl -substituted ribozymes 
cleaved the target RNA more efficiently compared to the control hammerhead 
5 ribozyme. 

Sequences listed in Figure 56 and the modifications described in Figure 
56 and 57 are meant to be non-limiting examples. Those skilled in the art will 
recognize that variants (base-substitutions, deletions, insertions, mutations, 
chemical modifications) of the ribozyme and RNA containing other 
10 combinations of 2'-hydroxyl group modifications can be readily generated 
using techniques known in the art, and are within the scope of the present 
invention. 

The following are non-limiting examples showing the synthesis of non- 
nucleotide mimetic-containing catalytic nucleic acids using non-nucleotide 
1 5 phosphoramidites. 

Such non-nucleotldes can be located in the binding arms, core or the 
loop adjacer. stem 11 of a hammerhead type ribozyme. Those in the art 
following the teachings herein can determine optimal locations in these 
regions. Surprisingly, abasrc moieties can be located in the core of such a 
20 ribozyme. 

SxgmPle 82: Synthesis of Abasic nucleotides 

The synthesis of 1-deoxy-O-ribofuranose phosphoramidite 9 is shown in 
Figure 58. Our initial efforts concentrated on the deoxygenation of synthon 1, 
prepared by a "one pot" procedure from D-ribose. Phenoxythiocarbonylation 

25 of acetonide 1 under Robins conditions led to the P-anomer 2 (Ji,2 = 1.2 Hz) 
. _ _ in modest yield (45-55%). Radical deoxygenation using BuaSnH/AIBN 
resulted In the formation of the ribitol derivative 3 in 50% yield. Subsequent 
deprotection with 90% CF3COOH (10 m) and introduction of a dimethoxytrityl 
group led to the key intemriediate 4 in 40% yield (Yang et al.. Biochemistry 

30 1992. 3h 5005-5009; Perreault et al., Biochemistry 1991 , 30, 4020-4025; 
Paolella et al., EMBO J. 1992, 1h 1913-1919; Peiken et al.. Sc/ence 1991.' 
253.314-317). 
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The low overall yield of this route prompted us to Investigate a different 
approach to 4 (Fig. 58). Phenylthloglycosldes, successfully employed in the 
Keck reaction, appeared to be an alternative. However, it is known that free- 
radical reduction of the corresponding glycosyl bromides with participating 
5 acyl groups at the C2-position can result in the migration of the 2-acyl group to 
the CI -position (depending on BusSnH concentration). Therefore we 
subjected phenylthloglycoside S to radical reduction with BuaSnH (6.1 eq.) in 
the presence of BZ2O2 (2 eq.) resulting in the isolation of tribenzoate 6 in 63% 
yield (Fig. 98). Subsequent debenzoylation and dimethoxytrityjation led to 
10 synthon 4 in 70% yield. Introduction of the TBDMS group, using standard 
conditions, resulted in the formation of a 4:1 ratio of 2- and 3-isomers 8 and 7. 
The two regioisomers were separated by silica gel chromatography. The 2-0- 
f-butyldimethylsilyl derivative 8 was phosphitylated to provide 
phosphoramidite 9 in 82% yield. 

15 Example 83: RNA cleavage assay in vi^ro 

Ribozymes and substrate RNAs were synthesized as described above. 
Substrate RNA was 5' end-labeled using ' P] ATP and T4 polynucleotide 
kinase (US Biochemicals). Cleavage reactions were carried out under 
ribozyme "excess" conditions. Trace amount (< 1 nM) of 5' end-labeled 

20 substrate and 40 nM unlabeled ribozyme were denatured and renatured 
separately by heating to 90^C for 2 min and snap-cooling on ice for 10-15 
min. The ribozyme and substrate were incubated, separately, at 37X for 10 
min in a buffer containing 50 mM Tris-HCI and 10 mM MgCl2. The reaction 
was initiated by mfacing the ribozyme and substrate solutions and incubating at 

25 37*C. Aliquots of 5 ^1 are taken at regular Inten/als of time and the reaction 
quenched by mixing with an equal volume of 2X formamide stop mix. The 
samples were resolved on 20 % denaturing polyacrylamide gels. The results 
were quantified and percentage of target RNA cleaved is plotted as a function 
of time. 

30 Referring to Figure 59 there is shown the general structure of a 

hammerhead ribozyme targeted against site B (HH-B) with various bases 
numbered. Various substitutions were made at several of the nucleotide 
positions in HH-B. Specifically refening to Figure 60. substitutions were made 
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at the U4 and U7 positions marked as X4 and X7 and also in loop II in the 
positions marked by an X. The RNA cleavage activity of these substituted 
ribozymes is shown in the following figures. Specifically. Rgure 61 shows 
cleavage by an abasic substituted U4 and an abasic substituted U7. As will 
5 be noted, abasic substitution at U4 or U7 does not significantly affect cleavage 
activity. In addition, inclusion of all abasic moieties in stem 11 loop does not 
significantly reduce enzymatic activity as shown in Figure 62. Further, 
inclusion of a 3' Inverted deoxyribose does not inactivate the -RNA cleavage 
activity as shown in Figure 63. 

10 Example 84: Smooth Muscle Cell Prolife ration Assay 

Hammerhead ribozyme (HH-A) is targeted to a unique site (site A) within 
c-myb mRNA, Expression of c-myb protein has been shown to be essential for 
the proliferation of rat smooth muscle cell (Brown et al., 1992 J. Biol. Chem. 
267. 4625). 

15 The ribozymes that cleaved site A within c-myb RNA described above 

were assayed for their effect on smooth muscle ceil proliferation. Rat vascular 
smooth muscle cells we: isolated and cultured as described (Stnchcomb et 
al.. supra). These primary rat aortic smooth muscle cells (RASMC) were 
plated In a 24-well plate (5x1 o3 cells/well) and incubated at 37*'C in the 

20 presence of Dulbecco's Minimal Essential Media (DMEM) and 10% serum for 
-16 hours. 

These cells were seoim-starved for 48-72 hours in DMEM (containing 
0.5% serum) at 37**C. Following serum-starvation, the cells were treated with 
lipofectamine (LFA)-complexed ribozymes (100 nM ribozyme was complexed 
25 with LFA such that LFA:ribozyme charge ration is 4: 1 ). 

Ribozyme:LFA complex was incubated with serum-stan/ed RASMC cells 
for four hours at 37*'C. Following the removal of ribozyme:LFA complex from 

cells (after 4 hours), 10% serum was added to stimulate smooth cell 
proliferation. Bromo-deoxyuridine (BrdU) was added to stain the cells. The 
30 cells were stimulated with serum for 24 hours at ST'C. 
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Following serum-stimulation, RASMC cells were quenched with 
hydrogen peroxide (0.3% H2O2 in methanol) for 30 min at 4'C. The cells 
were then denatured with 0.5 ml 2N HCI for 20 min at room temperature. 
Horse seaim (0.5 ml) was used to block the cells at 4'C for 30 min up to -16 
5 hours. 

The RASMC cells were stained first by treating the cells with anti-BrdU 
(primary) antibody at room temperature for 60 min. The cells were washed 
with phosphate-buffered saline (PBS) and stained with biotinylated affinity- 
purified anti-mouse IgM (Pierce. USA) secondary antibody. The cells were 
10 counterstained using avidin-biotinylated enzyme complex (ABC) kit (Pierce 
USA). 

The ratio of proliferating:non-proliferating cells was determined by 
counting stained cells under a microscope. Proliferating RASMCs will 
incorporate BrdU and will stain brown. Non-proliferating cells do not. 
1 5 incorporate BnlU and will stain purple. 

Referring to Figure 64 there is shown a ribozyme v iilch cleaves the site A 
referred to as HH-A. Substitutions of abasic moieties I., place of U4 as shown 
in Figure 65 provided adWe ribozyme as shown in Figure 66 using the above- 
noted rat aortic smooth muscle cell proliferation assay. 

20 The method of this invention generally features HPLC purification of 

ribozymes. An example of such purification is provided below in which a 
synthetic ribozyme produced on a solid phase is blocked. This material is 
then released from the solid phase by a treatment with methanolic ammonia, 
subsequently treated with tetrabutylammonium fluoride, and purified on 

25 reverse phase HPLC to remove partially blocked ribozyme from "failure- 
sequences. Such "failure' sequences are RNA molecules which have a 
nucleotide base sequence shorter to that of the desired enzymatic RNA 
molecule by one or more of the desired bases in a random manner, and 
possess free terminal 5'-hydroxyl group. Ttiis terminal S'-hydroxyl in a 

JO ribozyme with the correct sequence is still blocked by lipophilic dimethoxytrityl 
group. After such partially blocked enzymatic RNA is purified, it is deblocked 
by a standard procedure, and passed over the same or a similar HPLC 
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reverse phase column to remove other contaminating components, such as 
other RNA molecules or nucleotides or other molecules produced in the 
deblocking and synthetic procedures. The resulting molecule is the native 
enzymatically active ribozyme in a highly purified fomi. 

5 Below are provided examples of such a method. These examples can 

be readily scaled up to allow production and purification of gram or even 
kilogram quantities of ribozymes. 

Example 65: HPLC Purification. Revarsa-Phfl.c;^ 

In this example solid phase phosphoramidite chemistry was employed 
10 for synthesis of a ribozyme. Monomers used were 2*-f-butyl-dimethylsilyl 
cyanoethylphosphoramidites of uridine, A/-benzoyl-cytosine. A/-phenoxyacetyl 
adenosine, and guanosine (Glen Research. Steriing. VA). 

Solid phase synthesis was carried out on either an ABI 394 or 380B 
DNA/RNA synthesizer using the standard protocol provided with each 

15 machine. The only exception was that the coupling step was increased from 
10 to 12 minutes. The phosphorami 'itfl concentration was 0.1 M. Synthesis 
was done on a 1 jimol scale using a 1 ^imol RNA reaction column (Glen 
Research). The average coupling efficiencies were between 97% and 98% 
for the 394 model and between 97% and 99% for the 380B model, as 

20 detennined by a calorimetric measurement of the released trityl cation. The 
final 5'-DMT group was not removed. 

After synthesis, the ribozymes were cleaved from the CPG support, and 
the base and phosphotriester moieties were deprotected in a sterile vial by 
incubation in dry ethanolic ammonia (2 mL) at 55 *C for 16 hours. The 
25 reaction mixture was cooled on dry ice. Later, the cold liquid was transferred 
into a sterile screw cap vial and lyophilized. 

To remove the 2*-r-butyldimethylsilyl groups from the ribozyme the 
Obtained residue was suspended in 1 M tetra-n-butylammonium fluoride in dry 
THF (TBAF), using a 20-fold excess of the reagent for every silyl group, for 16 
30 hours at ambient temperature. The reaction was quenched by adding an 
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equal volume of a sterile 1 M triethylamlne acetate, pH 6.5. The sample was 
cooled and concentrated on a SpeedVac to half of the Initial volume. 

The ribozymes were purified in two steps by HPLC on a C4 300 A 5 ^m 
DeltaPak column in an acetonitrile gradient. 

5 The first step, or 'trityl on" step, was a separation of 5-DMT-protected 

ribozyme(s) from failure sequences lacking a 5 -OMT group. Solvents used 
for this step were: A (0.1 M triethylammonium acetate. pH 6.6) and B 
(acetonitrile). The elution profile was: 20% B for 10 minutes, followed by a 
linear gradient of 20% B to 50% B over 50 minutes, 50% B for 10 minutes, a 
10 linear gradient of 50% B to 100% B over 10 minutes, and a linear gradient of 
1 00% B to 0% B over 1 0 minutes. 

The second step was a purification of a completely deprotected, /.e. 
following the removal of the 5*-DMT group, ribozyme by a treatment with 2% 
trifluoroacetic acid or 80% acetic acid on a C4 300 A 5 ^m DeltaPak column in 
15 an acetonitrile gradient. Solvents used for this second step were: A (0.1 M 
Triethylammonium acetate, pH 6.8) and B (80% acetonitrile, 0.1 M 
triethylammonium acetate, pH 6.8). The elution profile was: ../o B for 5 
minutes, a linear gradient of 5% B to 15% B over 60 minutes, 15% B for 10 
minutes, and a linear gradient of 15% B to 0% B over 10 minutes. 

20 The fraction containing ribozyme, which is in the triethylammonium salt 

form, was cooled and iyophilized on a SpeedVac. Solid residue was 
dissolved in a minimal amount of ethanol and ribozyme in sodium salt form 
was precipitated by addition of sodium perchlorate in acetone. (K**" or Mg^-*- 
salts can be produced in an equivalent manner.) The ribozyme was collected 

25 by centrifugation, washed three times with acetone, and Iyophilized. 

Example 86: RNA and Ribozvme Deprotection of Exo cvclic Amino Protecting 
Group? Using Qthyteming (EA) 

The polymer-bound oligonucleotide, either trityl-on or off. was suspended 
in a solution of ethylamine (EA) @ 25-55 X for 10-30 min to remove the 
30 exocyclic amino protecting groups (see Figure 67). The supernatant was 
removed from the polymer support. The support was washed with 1 ,0 mL of 
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EtOH:MeCN:H20/3:1:1. vortexed and Ihe supernatant was then added to the 
first supernatant. The combined supernatants, containing the 
oligoribonucleotide. were dried to a white powder. 

Table EVIl is a summary of the results obtained using the improvements 
5 outlined in this application for base deprotection. From this data it is evident 
EA at 55** for 10 m or 40** for 10 m is efficient. The HPLC peak structure is 
almost identical between these schemes, and the yield for the ethylamine 
deprotected oligos is actually slightly better than the methylamine. 

The second step of the deprolection of RNA molecules may be 
10 accomplished by removal of the 2'-hydroxyl alkylsilyl protecting group using 
TBAF for 8-24 h (Usman et ai J. Am. Chem. Soc. 1987, 705, 7845-7854). 
Applicant has determined that the use of anhydrous TEA*HF in /V- 
methylpyrrolidine (NMP) for 0.5-1.5 h © 55-65 ^'C gives equivalent or better 
results. 

15 The following are examples of preferred embodiments of the present 

invention. Those in the art will recognize that these are not limiting examples 
but rather are provided to guide those in the art to the full breadth of meaning 
of the present invention. Routine procedures can be used to utilize other 
coupling regions not exemplified below. 

20 Ribozymes were synthesized in two parts and tested without ligation for 

catalytic activity. Referring to Fig. 72, the cleavage activity of the half 
ribozymes containing between 5 and 8 base pairs stem lis at 40 nM under 
single tumover conditions was comparable to that of the full length oligomer 
as shown in Figs. 73 and 74. The same half ribozymes were synthesized with 

25 suitable modifications at the nascent stem II loop to allow for crosslinking. The 
halves were purified and chemically ligated, using a variety of crosslinking 
methods. The resulting full length ribozymes (see Fig. 71) exhibited similar 
cleavage activity as the lineariy synthesized full length oligomer as shown in 
Fig. 74. 
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Example 67 

Referring to Fig. 70 the 5' half of a hammerhead ribozyme was provided 
with a ribose group. This was oxidatively cleaved with Nal04 and reacted with 
the 3* half of the ribozyme having an amino group under reducing conditions. 
5 The resulting ribozyme consisted of the two half ribozyme linked by a 
morphoiino group. 

One equivalent of (200 micrograms) of 5* half hammeriiead with a 3'OH 
and 5 equivalents (1000 micrograms) of 3* half with 5' C5-NH2 all with HH-A 
were used in this reaction. The limiting oligonucleotide was oxidized first with 

10 3.6 equivalents of sodium periodate for sixty minutes on ice in DEPC water 
quenched with 7.2 equivalents of ethylene glycol for 30 minutes on ice and the 
5 equivalents of the amino oligo added. 0.5 Molar tricine buffer, pH 9, was 
added to provide 25 millimolar final tricine concentration and left for 30 
minutes on ice. 50 equivalents of sodium cyanoborohydride was then added 

1 5 and the pH reduced to 6.5 with acetic acid and reaction left for 60 minutes on 
ice. The resulting full length ribozyme was then purified for further analysis. 

ExL...iple 88: Amide Bond 

Referring again to Fig. 70 and 71 . a 5* half of ribozyme was provided with 
a carboxyl group at its 2* position and was coupled with an amine containing 
20 3' half ribozyme. The provision of a coupling reagent resulted in a full-length 
ribozyme having an amide bond. 

Example eg: Disulfide Bond 

Referring to Fig. 70 and 71. 250 micrograms of RPI3881 and 250 
micrograms of RPI3636 half ribozyme were separately deprotected with 
25 dithiothreltol overnight at 37^C. They were mixed together at 1:1 mole ratio in 
a 1 00 mM sodium phosphate buffer at pH 8 and 4M copper sulfate and 0.8 
mM 1,10-phenanthroline (final concentrations) was added for two hours at 
room temperature (20-25®C) and the resulting mixture gel purified. The 
overalt purification yield of full length ribozyme was 30%. 

30 To make internally-labeled substrate RNA for trans-ribozyme cleavage 

reactions, a 1 .8 KB region (containing site A) was synthesized by PGR using 
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primers that place the T7 RNA promoter upstream of the amplified sequence. 
Target RNA was transcribed, using T7 RNA polymerase, in a standard 
transcription buffer in the presence of (a-32pjcTP. The reaction mixture was 
treated with 15 units of ribonuclease-free DNasel. extracted with phenol 
5 followed chloroform:isoamyl alcohol (25:1). precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 ^1 DEPC- 
treated water and stored at -20**C. 

Unlabeled ribozyme (200 nM) and internally labeled 1.8' KB substrate 
RNA (<10 nM) were denatured and renatured separately in a standard 

10 cleavage buffer (containing 50 mM Tris HCI pH 7.5 and 10 mM MgCl2) by 
heating to 90^C for 2 min. and slow cooling to 37^C for 10 min. The reaction 
was initiated by mixing the ribozyme and substrate mixtures and incubating at 
37*»C. Aliquots of 5 jil were taken at regular time intervals, quenched by 
adding an equal volume of 2X formamide gel loading buffer and frozen on dry 

15 ice. The samples were resolved on 5% polyacrylamide sequencing gel and 
results were quantitatively analyzed by radioanalytic imaging of gels with a 
Phosphorimager (Molecular Dynamics, Sunnyvale. CA). 

Few antiviral d.vg therapies are available that effectively inhibit 
established viral infections. Consequently, prophylactic immunization has 
20 become the method of choice for protection against viral pathogens. 
However, effective vaccines for divergent vimses such as those causing the 
common cold, and HIV, the etiologic agent of AIDS, may not be feasible. 
Consequently, new antiviral strategies are being developed for combating 
viral infections. 

25 Gene therapy represents a potential alternative strategy, where antiviral 

genes are stably transferred into susceptible cells. Such gene therapy 
approaches have been termed "intracellular immunization" since cells 
expressing antiviral genes become Immune to viral infection (Baltimore, 1988 
Nature 335, 396-396). Numerous forms of antiviral genes have been 

30 developed, including protein-based antivirals such as transdominant inhibitory 
proteins (Malim et a!., 1993 J. Exp. Med. Bevec et ai., 1992 P,N.A,S. (USA) 
89. 9870-9874; Bahner et al., 1993 J. Viroi. 67, 3199-3207) and viral-activated 
suicide genes (Ashom et al., 1990 PMA.S,{\JSA) 87. 8889-8893). Although 
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effective in tissue culture, protein-based antivirals have the potential to be 
immunogenic in vivo. It is therefore conceivable that treated cells expressing 
such foreign antiviral proteins will be eradicated by normal immune functions. 
Alternatives to protein based antivirals are RNA based molecules such as 
5 antisense RNAs, decoy RNAs, agonist RNAs, antagonist RNAs. therapeutic 
editing RNAs and ribozymes. RNA is not immunogenic; therefore, cells 
expressing such therapeutic RNAs are not susceptible to immune eradication. 

Example 90: Desion and constmction of U6-S3 5 Chimera 

A transcription unit, termed U6*S35. is designed that contains the 
10 characteristic intramolecular stem of a S35 motif (see Rgure 76). As shown in 
Figure 77, 78 and 79 a desired RNA (e.g. ribozyme) can be inserted into the 
indicated region of U6-S35 chimera. This construct is under the control of a 
type 3 pol III promoter, such as a mammalian U6 small nuclear RNA (snRNA) 
promoter (see Fig. 75). U6-S35-HHI and U6-S35-HH1I are non-limiting 
1 5 examples of the U6-S35 chimera. 

As a no i* siting example, applicant has constnjcted a stable, active 
ribozyme RNa\ driven from a eukaryotic U6 promoter (Fig. 78). For stability, 
applicant incorporated a S35 motif as described in Fig. 76 and Fig. 77. A 
ribozyme sequence is inserted at the top of the stem, such that the ribozyme is 

20 separated from the S35 motif by an unstructured spacer sequence (Fig. 77, 
78, 79). The spacer sequence can be customized for each desired RNA 
sequence. U6-S35 chimera is meant to be a non-limiting example and those 
skilled in the art will recognize that the structure disclosed in the figures 77. 78 
and 79 can be driven by any of the known RNA polymerase promoters and are 

25 within the scope of this invention. All that is necessary is for the 5' region of a 
transcript to interact with its 3* region to form a stable intramolecular structure 
(S35 motiO and that the S35 motif is separated from the desired RNA by a 
stretch of unstructured spacer sequence. The spacer sequence appears to 

improve the effectiveness of the desired RNA. 

30 By "unstmctured' Is meant lack of a secondary and tertiary structure such 

as lack of any stable base-paired structure within the sequence itself, and 
preferably with other sequences in the attached RNA, 
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By "spacer sequence" is meant any unstructured RNA sequence that 
separates the S35 domain from the desired RNA. The spacer sequence can 
be greater than or equal to one nucleotide. 

In vitro Catalytic Activity of U6-S3S-Rib ozvmQ Chimeras: 

5 U6-S35-HHI ribozyme RNA was synthesized using T7 RNA polymerase. 

HHI RNA was chemically synthesized using RNA phosphoramidite chemistry 
as described in Wincott et a!.. 1995 Nucleic Acids Res. The ribozyme RNAs 
were gel-purified and the purified ribozyme RNAs were heated to 55°C for 5 
min. Target RNA used was -650 nucleotide long. Intemally-32p.|abeled 

10 target RNA was prepared as described above. The target RNA was pre- 
heated to ay^'C in 50 mM Tris.HCI. 10 mM MgCl2 and then mixed at time zero 
with the ribozyme RNAs (to give 200 nM final concentration of ribozyme). At 
appropriate times an aliquot was removed and the reaction was stopped by 
dilution in 95% formamide. Samples were resolved on a denaturing urea- 

15 polyacrylamide gel and products were quantitated on a phospholmager®. 

As shown in Figure 80, the U6-S35-HHI ribozyme chimefa cleaved its 
target RNA as efficiently as a chemically synthesized HHI ribozyme. In fact, it 
appears that the U6-S35-HHI ribozyme chimera may be more efficient than 
the synthetic ribozyme, 

20 Accumulation of US-SSS-ribozyme transcripts 

An Actinomycin D assay was used to measure accumulation of the 
transcript in mammalian cells. Cells were transfected overnight with plasmids 
encoding the appropriate transcription units (2^g DNAAvetl of 6 well plate) 
using calcium phosphate precipitation method (Maniatis et al.. 1982 Molecular 

25 Cloning Cold Spring Harbor Laboratory Press, NY). After the overnight 
transfection, media was replaced and the cells were Incubated an additional 
24 hours. Cells were then incubated in media containing 5[ig/ml Actinomycin 
D. At the times indicated, cells were lysed in guanidinium isothiocyanate. and 
total RNA was purified by phenol/chloroform extraction and isopropanol 

30 precipitation as described by Chomczynski and Sacchi, 1987 Anal. Biochem., 
162, 156. RNA was analyzed by northen blot analysis and the levels of 



wo 96/18736 



PCT/US9S/1S516 



134 

specific RNAs were radioanalyticaly quantitated on a phospholmagef®. The 
level of RNA at time zero was set to be 100%. 

As shown in Figure 81, the U6-S35-HHII ribozyme shown in Figure 79 is 
fairly stable in 293 mammalian celts with ah approximate half-life of about 2 
5 hours. 

Example 91: Design and construction of VA1-S35 Chimera 

Refering to Figure 83A, In order to express ribozymes from a VAI 
promoter, applicant has constructed a transcription unit consisting of a wild 
type VA1 sequence with two modifications: a "S35-like" motif extends from a 
10 loop in the central domain (Figure 82); the 3' temiinus is changed such that 
there is a more complete interaction between the 5* and the 3' region of the 
transcript (specifically, an "A-C" bulge is changed to an "A-U base pair and the 
temnination sequence is part of the stem of S35 motiO- 

Accumulation of VAUSSS-ribozyme trsnscriots 

15 ' An Actinomycin D .ay was used to measure accumulation of the 
transcript in mammalian cells as described above. As shown in Figure 84. the 
VA1-S35-chimera. shown in Figure 83A. has approximately 10*fold higher 
stability in 293 mammalian cells compared to VA1 -chimera, shown in Figure 
25B that lacks the intramolecular S35 motif. 

20 Besides ribozymes, desired RNAs like antisense, therapeutic editing 

RNAs, decoys, can be readily inserted into the indicated U6-S35 or VA1-S35 
chimera to achieve therapeutic levels of RNA expression in mammalian cells. 

Sequences listed in the Figures are meant to be non-limiting examples. 
Those skilled in the art will recognize that variants (mutations, insertions and 
25 deletions) of the above examples can be readily generated using techniques 
known in the art, are within the scope of the present Invention. 

Diagnostic uses 

Ribozymes of this invention may be used as diagnostic tools to examine 
genetic drift and mutations within diseased cells or to detect the presence of 
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stromolysin, B7-1. B7-2, B7-3 and/or CD40 or other RNAs in a cell. The close 
relationship between ribozyme activity and the structure of the target RNA 
allows the detection of mutations in any region of the molecule which alters 
the base-pairing and three-dimensional structure of the target RNA. By using 
5 multiple ribozymes described in this invention, one may map nucleotide 
changes which are important to RNA stmcture and function in vitro, as well as 
in cells and tissues. Cleavage of target RNAs with ribozymes may be used to 
inhibit gene expression and define the role (essentially) of specified gene 
products in the progression of disease. In this manner, other genetic targets 

10 may be defined as important mediators of the disease. These experiments will 
lead to better treatment of the disease progression by affording the possibility 
of combinational therapies (e.g., multiple ribozymes targeted to different 
genes, ribozymes coupled with known small molecule inhibitors, or 
intermittent treatment with combinations of ribozymes and/or other chemical or 

15 biological molecules). Other in vitro uses of ribozymes of this invention are 
well known in the art, and include detection of the presence of mRNAs 
associated with B7-1. B7-2, B7-3 and/or CD40 or other RNA related 
conditions. Such RNA is detected by detenmining the presence of a cleavage 
product after treatment with a ribozyme using standard methodology. 

20 In a specific example, ribozymes which can cleave only wild-type or 

mutant fonms of the target RNA are used for the assay. The first ribozyme is 
used to identify wild-type RNA present in the sample and the second ribozyme 
will be used to identify mutant RNA in the sample. As reaction controls, 
synthetic substrates of both wild-type and mutant RNA will be cleaved by both 

25 ribozymes to demonstrate the relative ribozyme efficiencies in the reactions 
and the absence of cleavage of the "non*targeted' RNA species. The 
cleavage products from the synthetic substrates will also serve to generate 
size mariners for the analysis of wild-type and mutant RNAs in the sample 
population. Thus each analysis will require two ribozymes. two substrates 

30 and one unknown sample which will be combined into six reactions. The 
presence of cleavage products will be detennined using an RNAse protection 
assay so that full-length and cleavage fragments of each RNA can be 
analyzed in one lane of a polyacrylamide gel. It is not absolutely required to 
quantify the results to gain insight into the expression of mutant RNAs and 
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putative risk of the desired phenotypic changes in target cells. The expression 
of mRNA whose protein product is implicated in the development of the 
phenotype {i.e., B7-1, B7-2. B7-3 and/or CD40) is adequate to establish risk. If 
probes of comparable specific activity are used for both transcripts, then a 
5 qualitative comparison of RNA levels will be adequate and will decrease the 
cost of the initial diagnosis. Higher mutant form to wild-type ratios will be 
con^elated with higher risk whether RNA levels are compared qualitatively or 
quantitatively. 

Other embodiments are within the following claims. 



10 
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Characteristics of Rit;>97Ymcie 

Group I Introns 

Size: -200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5' of the cleavage 

Binds 4-6 nucleotides at 5' side of cleavage site. 
Over 75 known members of this class. Found in Tetrahymena 
thermophila rRNA, fungal mitochondria, chloroplasts. phaqe T4 
blue-green algae, and others. ^ 

RNAseP RNA (Ml RNA) 
Size: -290 to 400 nucleotides. 

RNA portion of a ribonudeoprotein enzyme. Cleaves tRNA 
precursors to form mature tRNA. 

Roughly 10 known members of this group all are bacterial in origin. 

Hammerhead Ribozyme 
Size: -13 to 40 nucleotides. 

Requires the target sequence UH immediately 5' of the cleavage 

Binds a variable number nucleotides on both sides of the cleavaoe 

site. ^ 

14 known members of this class. Found in a number of plant 
pathogens (viaisoids) that use RNA as the infectious agent (Figure 

Hairpin Ribozyme 
Size: -50 nucleotides. 

R^equires the target sequence GUC immediately 3* of the cleavage 

Binds 4-6 nucleotides at 5' side of the cleavage site and a variable 
number to the 3* side of the cleavage site. 

Only 3 known member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabis mosaic virus 
and chicory yellow mottle virus) which uses RNA as the infectious 
agent (Figure 3). 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: 50 - 60 nucleotides (at present). 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully detemiined. 

Binding sites and structural requirements not fully detennined. 

although no sequences 5* of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 
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Neurospora VS RNA Ribozyme 

Size: -144 nucleotides (at present) 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully detemiined. 

Binding sites and structural requirements not fully detennlned. Only 

1 known member of this class. Found In Neurospora VS RNA 

(Figure 5). 
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Table AIT: Human Stmmftlvsin HammBrhBad TargAt Rftgi^fp^o 
nt 

EfiaitifiQ Sequence SEP. TP isfQ , 



on 




ID. 


^XD. 


01 


JL^O 




ID. 




02 


1 A7 
X4 / 


/uAA/UjnLIUU»x\ 


ID. 


^D. 


03 


171 




ID. 


NO. 


04 






ID. 


NO. 


05 


9fl7 
/ 




ID. 


NO- 


06 


J« / 




ID. 


NO. 


07 


*33/ 




ID. 


NO. 


08 






ID. 


ND. 


09 






ID. 


NO. 


10 




UJGAAAGUCtXSGGAAGAOGUS^ 


ID. 


NO. 


11 


513 




ID. 


NO. 


12 


592 




ID. 


NO. 


13 


624 




ID. 


NO. 


14 


o7: 


AUUUCUXUUGCUQGUCALJG 


ID. 


NO. 


15 


72b 


CACUCAGOCAACAQXjA 


ID. 


NO. 


16 


oOl 




ID. 


ND. 


17 


827 




ID. 


NO. 


18 


859 


<XXXX:XX3C3JPCCCA 


ID. 


ND. 


19 


916 




ID. 


NO. 


20 


958 




ID. 


NO. 


21 


975 




ID. 


NO. 


22 


1018 




ID. 


ND. 


23 


1070 




ID. 


NO. 


24 


1203 




ID. 


NO. 


25 


1274 




ID. 


NO. 


26 


1302 




ID. 


ND. 


27 


1420 


CX3CAAAU3CAAAS 


ID. 


NO. 


28 


1485 




ID. 


NO. 


29 


1623 




ID. 


NO. 


30 


1665 


GCUXUSOJURGC 


ID. 


ND. 


31 
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Position Target Sequence Seq. ID. NO. 



10 


GCAA3QCAIA G^SVCAAOUnSAGC: 


ZD. 




34 


21 




ID. 


m. 


35 


27 




ID, 


N3. 


36 


31 




ID. 


ND. 


37 


S3 


^^^3»AAtX3AAGftQUC IXJCTMIXXXJWIJGU 


ID. 


ND. 


38 


55 


QSAAAUSAflGftGUOUU (rAAUOOUACUGUUG 


ID. 


NO. 


39 


56 


GAAMXSAflGMCXOJUC CMtXIIJAaX3UUaC 


ID. 


NO. 


40 


€L 


Gw^^2AariTO3u«: aaaisuuQcxxsuac 


ID. 


NO. 


41 


64 


G^^GU:U«3CAAU0CUA OJGUCXXUSUOCXXG 


ID. 


NO. 


42 


69 


^^^^^CAALmjRaX3UU OCCXSUGaSUGQCPOJ 


ID. 


NO. 


43 


85 




ID. 


NO. 


44 


Bb 


ox; :*,XX3QCaGCXJU GCUCftGOaMXXMJ 


ID. 


NO. 


45 


90 


^3cc^^3Ga>ajjxxxx: AsoouncocMxjaGA 


ID. 


NO. 


46 


96 


^^^^'^^^^^^^SCXX^OOCXm UXftt3UG3AU3GMC 


ID. 


NO. 


47 


98 




ID. 


NO, 


48 


102 




ID. 


NO. 


49 


142 


CMCMCftUSAAOOUU QUUCMAAAUAUCUA 


ID. 


NO. 


50 


145 


CAOCAU3AAOaXX3UC7 CAGAAAUAIXXIMSAA 


ID. 


NO. 


51 


146 


A3CAU3AMCUUGUUC ASAAAUTmS^SAAA 


ID. 


NO. 


52 


1S3 


^'^^^^^^^^X^^UCAC^AAI^ UGUMSAAAAGUAOUA 


ID..ND. 


53 


155 




ID. 


^D. 


54 


157 


^^SOIXMAAAUAUOJA GAAAflOlACUACGW: 


ID. 


NO. 


55 


165 


^^"^MXUflGAAAAaiA CUftOjftOCUCAAAAA 


ID. 


NO, 


56 


168 


AraWGAAAAajRCUA CX3A0CUCAAAAAWA 


ID. 


NO. 


57 


175 


^^^^'^ClJPaj?^^ AAAAA«3ALQUGAAA 


ID. 


NO. 


58 


1S5 


MmxiXSAPOm] UGUaROSGAAMGA 


ID. NO. 


59 


196 


^^GAU3U3AAAQGUUU Gim33AGAAA3GAC 


ID. 1 


NO. 


60 
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159 




ID. ND. 


61 


200 


GlJSAAAamXXSUUA GGAGAAft3C30«X3 


ID. 


NO. 


62 


21S 


PCMP03ICPaXIIX: CUGCmXIAAAAAA^ 


m. 


ND. 


63 


223 


CJSOGUGGUOOUGUCJ GUUAAAAAAMXX3SA 


ID. 


NO. 


64 


226 


C7ai3aUOai3CXX3Ua AAAAAAMXXDSfiGAA 


ID. 


NO. 


65 


227 


WSUQGUOOUGUUGUUA AAAAAAUOCJSfiGAAA 


ID. 


NO. 


66 


235 


tJGOUGUUAAAAAAMJC OQM3AAMJQC3G^ 


ID. 


NO. 


67 


252 


GM3AAAXX9C»SMGUU QCXXXaGNJUSQAOGU 


ID. NO. 


68 


253 


W3AAMJGCMAW3UUC CXIUQGAUU3GMGUG 


ID. 


NO. 


69 


256 


AADQCAGAAGUOOCXXJ GGAlWSGMCIJSAaS 


ID. 


NO. 


70 


261 


MAMUUCEUUQGAUU GGAG3CJGRC39QC3AA 


ID. 


NO. 


71 


285 


OQQQGAMaUQSAOX: OGACAOXmSftOaJ 


ID. 


NO. 


72 


293 


CUaGAOXXXSCACUC UOGMGOGMJQOOCA 


ID. 


NO. 


73 


325 


QOOCftGQUGUQGftGOU OIIXMJGCXXaxaC 


ID. 


NO. 


74 


326 


CXXaGQUGCX3GfiGCXX: CU3ftIXmX3UC3tflJ 


ID. 


NO. 


75 


334 


U3GPGtXXXXGAU3UU QGUCAOXX^JGAAOC 


ID. 


NO. 


76 


338 


GUUOCXJGAU3UCX9GUC W^XXZAGAAOCXXXr 


ID. 


NO. 


77 


342 


CUGAIXSUUQGUCACUU GRGAAOmXXXGS 


ID. 


ND. 


78 


343 


U3ALX3UUQSUa^aJUC /MSAMXUUDGOUGOC 


ID. 


NO. 


79 


351 


GUCftCUUCRGAftCXXIU UXUQQCMIOOaGAA 


ID. 


ND. 


60 


352 


U3mX3^aMCUUU crOQQCMXXDGAWS 


ID. 


NO. 


81 


353 


CACUUCT^GAAOOJUUC CUGOCAUOOOGAAGU 


ID. 


NO. 


82 


361 


AAOCXJUCXCUOXALX: OC3GAftGUQG?G3AAA 


ID. 


NO. 


83 


385 


G?^GG?JKAAOaCACXlJU PCMJPCP03MJJ3LQ 


m. 


NO. 


84 


386 




ID. 


NO. 


85 


390 




ID. 


NO. 


86 


397 


OCUUACAUAC2^3GAIjU GUGAAUUAUACAOCA 


ID. 


NO. 


87 


404 




ID. 


NO. 


88 


405 


A::AG3AI3UGUGAAIXJ?1 uacaocmsaixjuooc 


ID. 


ND. 


89 


407 


;03AUlX3JG?)kAW?^ CAa::7OlXJgG0C7A 


ID. 


NO. 


90 


416 




ID. 


NO. 


91 


417 


ia)IJUAUn:30:AGA^ QQCAAAK3AUGCUGU 


ID. 


NO, 


92 


433 


QOCAAAAGAUOOJGUU GMJUOJ3CJJJXJ3fiC 


ID, 


. ND. 


, 93 


437 


AAKaUQGUGUUGMJU CUXUaiiaGAAJG 


ID. 


, NO. 


. 94 


438 


A^GAUQCUGUUGAUUC IJQCUGUUGAGAAW3C 


ID. 


. NO. 


. 95 


445 


UGULXMJUCUOCLGUU GAGAAWTUCUSAAA 


ID, 


. NO 


. 96 
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GCUGUUGAGAAAGCUC UGAAAG0CU39GAJ^ 


ID. 


ND. 


97 




GJ^AAGOJGUGAAAGUC UQQGAAGAOGUGAOU 


ID. ND, 


98 


479 


U3QGAAGAGGUGA0UC OCUCACAUUQUaCA 


ID. 


ND. 


99 


484 


^^G^OSUGAOXraax: ACAt)UaXX3«3CU5 


ID. 


ND. 


100 


489 




ID. 


KD. 


101 


490 


GAOXrACUCfiCADUC aXMC30UQUAU3AA 


ID. 


NO. 


102 


492 




ID. 


^D. 


103 


501 


CAUUGUCX:»09aX9UA UGAK3SM3mil3^ 


ID. 


ro. 


104 


516 


G^^AGGASAGGOJGAim UhAIJGMJOXIJUUUG 


ID. 


ND. 


105 


520 


MGftGftOXUSAUMJA AIXSAIXIJCUUUUQCA 


ID. 


NO. 


106 


526 


CSCmSMJAUAAUGADC IXIX3UUQCAGUCRGA 


ID. 


NO. 


107 


528 


ClXSALMJMLGAIXir IJUUUQOmjRGAGA 


ID. 


NO. 


108 


530 


CaUAUAAUGAlXIJCUU UUGCJ^MMAAC 


ID. 


NO. 


109 


531 


AUADAAIISAimm; uscaguuagksaac^ 


ID. 


NO. 


110 


532 


UAUAAUGALXIJCUUUU CSCAOJUT^SAGAACAIJ 


m. 


MO. 


111 


538 




ID. 


NO. 


112 


539 


AlXXriiaXXSCAGUUA GAGAACADSGftGAaj 


ID. 


NO. 


113 


555 


GAGAACALDGAGAOJU aiAarUUUUC3ftU3G 


ID. 


NO. 


114 


ctzc 


^^^^^^ACAJJOQAGAOXXI inaruUUUGAUQGA 


ID. 


NO. 


115 




GAACALJOGftGACUUr '' XXimXJGMXSGftC 


ID. 


ND. 


116 


ceo 
558 


AACAUQGftGjmXXjA aXXmJGAUGJGftO: 


ID. 


NO. 


117 


563 


QGMACUUUUACOZUU IXJGAUQGAOGUQGAA 


ID. 


NO. 


118 


564 


GAGAOXJUUMXXrUUU USMJOGftOCUOaAA 


ID. 


NO. 


119 


565 


^^GftCUUUUACXrUOJU GAU3GaOCU3GAAAU 


m. 


NO. 


120 


583 


U3GfiOCUQGAAADGUU imSOCTftUXCUAU 


ID. 


NO. 


121 


584 




ID. 


NO. 


122 


585 




ID. 


NO. 


123 


con 




ID. 


NO. 


124 


ol6 


O0CUC333OCAG3GAUU AAU3Gft3AIJQO0CW: 


ID. 


NO. 


125 


617 




. ID. 


NO. 


126 


633 


^^U3G»GAZX90QCACUU U3AU3AUGAUGAACA 


ID. 


NO. 


127 


04 




ID. 


NO. 


128 


662 




m. 


NO. 


129 


677 


^^CAAC^mSAOCAAlXJ UAimmSUUXLE 


ID. 


NO. 


130 


^8 


CAACMQGAOCAAUUU AIJtmX3GCXJGCU3: 


m. 


NO. 


131 


679 


UUUCUOGUUQCUOCU 


ID. 


NO. 


132 
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681 




ID. N3. 


133 


682 


l^mSAnrAATTYQirYvi rrmirrmnrTOn 


ID. 




xJ4 


683 




ID. 


nL/. 


lie 


685 


GMnAATIIlMIf TTT^ CSJ VX"^ lYl HMra^ 


Tn 


IMJ« 


136 


688 




Tn 


NLJ. 


137 


695 




JJJ. 


NJ. 


138 


7Q3 




ID. 


MJ. 


139 


711 


«JjftftflUUUUULiV3UC ULWUtiUUUUUOUCR. 


JJJ, 




140 




^MJjaUXJGuJUQGL^ UUUUUCACuCAGUlA 




NO. 


141 


791 




TT* 


Nj. 


142 


723 




TTi 
JJJ. 


Nj. 


143 


724 




Tn 

JJJ. 


WJ. 


144 


725 




Tn 
JJJ. 


NJ, 


145 


729 


1 1'SYJ 1 1 f 1 ffiTT^ft/'i t ' ^^anr^jiT'ii/^T'siiii/^^ 


Tn 


MJ. 


146 


746 




Tn 


1>*J. 


147 


747 




m 




148 


753 


CXTaAAnmnT^mA rnrjirTTT7arT"»arTr^ 


Tn 


r*j. 


149 


760 




Tn 




150 


762 




Tn 
JJJ. 




151 


764 




Tn 

UJ. 


NJ. 


152 


768 




Tn 


vU. 


153 


772 




Tn 


NJ. 


154 


785 




Tn 
JJJ. 


NJ. 


155 


789 


r5U^2tfT^TliiprrYar2fTf fi'^yi'i ra 1 1 > *a?w^r 


ID. 


NO. 


156 


790 


Ti/^a^ffl y g'^^^^ wy^ i- ■-■J «i ■ ■ u ■■ ■ ti 

iuAUUlXaACwQGUUC OQOuUGUCDuAAGAU 


ID. 


NO. 


157 


798 


vaaaaaaajulaXvAjLA. ULivunUkanUnUAAn 


ID. 


N3. 


158 


800 




ID. 


ND. 


159 


809 




ID. 


ND. 


160 


811 


/?Tl^T''llll/'?11fT^TTRT17i iMiry^'^^nryy^^^ 


ID. 


^D. 


161 


820 




m. 


ND. 


162 


821 


C3tf]AUAAAlJQGCAUUC MmXIXXAIJGSAC 


ID. 


ND. 


163 


825 


UAAAUQQCMJUCAGUC CrUCUAIXXSftOCXXC 


ID. 


ND. 


164 


829 


u3Qcmx3VGaxcw: uaijogacxudcxxxij 




165 


831 




ID. 


NO. 


166 


839 




ID. 


ND. 


167 


849 


CSAOOUOOCDCUSACUC GCXXC»GMOOOOCU 


ID. 


NO. 


168 
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868 


USaGROOOCXXDUQQUBV CXXaOQGWmjQOC 


ICQ 
WLI. AOS 


883 


J'^^^^^OaOSGAAOCUGUC CrUXfiGAAOOUQQG 


MU« A/U 


887 


Aa3GAACnX3UDC30UC OGAAOCroOSAOSC 


Au, wj. X/i 


917 


<^3CAGOCAft2U3JGAU: OXXXXJUGUOCUUUS 


XU. MJ. X/Z 


923 


AW3UGUGAUXUQCUU U3UO0UUUGAU3CUG 




924 




Tn Mn iTii 

Al/« viJ» LfH 


927 


^^^^^^^AUXUQCXJUUGUC CXXXGAUQGUGCOG 


Tn iTc 

v9J* X/3 


930 


AIXXIX3CIXXJGUCimtJ rra?l3aX3UCMCWr 


XXI* W. X/O 


931 


UXUQCUUUGUOOUUU GAUQOUGUCfiQCACU 


Tn VF\ 1 1T 

XU. NJ. X7 / 


940 


GUOCUUUGAUXXXjUC MCflaXUSWQQGA 


XU. NO. 178 


947 


GMJQCUGUCftQCRCUC IXafimoSAGAAwrr' 


ID. NO, 179 


961 


UOUGflGGQGMaAAfitC GUSAITIimAAfiJ^r 


ID. NO. 180 


SS7 


QQGAGAAAUQQUGALX:: UUCAAAGATWYrv' 


ID. NO. 181 


969 




ID. NO, 182 


970 


^^GAAAUDCUGAIJCUUU AAW30Wnr3tf^irTi 


XU. ND. 183 


971 




XU. NJ. Xo4 


984 


'^^^^'^^^^^GACMaCfla^ UUC39aQC3\AAUOCXU 


Tn 1 oc 

XU, NU, Xob 


985 


^^M\^GfCPQ2CPOIJU UQQOaCAAAUOaCUC 


XX/. NJ, XOD 


986 


AAAGACnG3CnOUU(JU GCXI3C3VAAIXiruCA 


XLI. NLl. lo/ 


996 




XLr. NO. 188 


1000 




Tn 1 0ft 
XU. NJ. 189 


1009 




XU. NJ. 190 


1020 


MCUUGAMCUGAAUa QCMXXJSftircmcr 


XU. NO. 191 


1025 


GAAOCXXaAAUUGCAUU USMJOriJUCAUriti 


ID. NO. 192 


1026 


AAIXU3AAUUQCAUUU GftU^rnrrarrffir^ 


ID. NO. 193 


1030 




ID. NO. 194 


1032 


^^^^^^^QOmJGAUC^ CXX3«JUUGQCCALJC 


XX?. NU. 19d 


1034 




TT\ KT^ 1 e%c 
XXl. NU. X90 


1035 






1038 




ID. NO. 198 


1039 


^^^^"2au:^^u:xw::a^ usQcnraxuiraj 


ID. M3. 199 


1040 


^^"^AlX^CXIXX^mJU 030C3ttJOUCUUCCXJU 


ID. NO. 200 


1047 


CUX:AUUUU330CALC UCUU3ClJUCftC333GU 


ID. NO, 201 


1049 


^^^^^^^^^^«K3Cn^^ UUOOUUOGQOGraG 


ID. N3. 202 


1051 


^^""^^"^aOCAUCUilJU CXIJUCfiCmSUGGMJ 


m. m 203 


1052 


""^^^^300CAU3X:Urc CUUCAG30GU3GAUG 


ID. NO. 204 
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1055 


u3Q0CAuaxxiuaaxj csmxmMJocxis 


1056 


GGCn^UOUCUUOOUUC MOaSUOGMJOOdQC 


1074 


QOSU3GAU3CX3XAUA USAftGUUftOJRQCAA 


1081 




1082 




1085 




1096 


UAOJAGCAAGGMXU:: GUUUUCAUUUUUAAA 


1099 


UW3C3^MG?mmJU UUCAUUUUUAAMGA 


1100 


^«»WX»0CUa3CXXJ UCSmXXJAAMGAA 


UOl 


GCAAOGAOXXDGUUUU C^UUUUUAAAOSAA^ 


1102 


Q^AGGAOGUOGUUUUC AUUUUUAAAOGMAU 


1105 




1106 


GAOIXJJGCXJUUCAUIU IXAAAOGAAAUCAW 


1107 


A0C:U3GUUUCX!AUUUU UAAM3AAAUCAAUU 


1108 


CXm^AJUUCAUUCXXJ AAMGAAAIJCAMJUC 


1109 


OXISJUUUCAUUUUU?^ MOS^AAUCAWUOJ 


1118 


MJUtXJUAAMGAAAUC AAUCJaJ3330CAUCA 


1122 


WAAAGGAAAUCAnua aXX29aC3^UCAGAG3 


1123 




1132 


UCAAlXXimSOCMJC ^GflGSAAMXaOGUDV 


U47 




1158 


A3GU7^0G»OCU3GAU?V CXrAM:;?^3QCAUXA 


1171 


AUAO0CAA3AG3CWUC CSOOCXXIMGUUUC 


1180 


A0CX3«DCftacaiJA QGUOCXDOaXXMOC 


1184 


AIXXK^iOXUftGaUU IXmiXAAOOGCXA 


1185 




1186 


CCACMCXIM3CXJUC OCUOCAAO0GUGM3 


uso 


AocxxsvaGuuuam: CAAcmx»03AAAA 


1207 


AAai3UG?\0GAAAAa: GA[X3CaGCX3\UUUCXJ 


1219 


AAUDQALXSCAaOCAIJU 


1220 


AUDGATOOVQOCMXJU CUGALMOGAAAMA 


1221 


LnSAa3CMOC3UJUUC UGAUAA03AAAAGAA 


1226 




1245 




1247 




1248 





PCrA}S9S/lS516 

ID. 205 
ID. ND. 206 
ID. ND. 207 
ID. MD. 208 
ID, ND. 209 
ID. ND. 210 
m. ND. 211 
m. MD. 212 
m. ND. 213 
m. ND. 214 
ZD. ND. 215 
ID. 216 
ID. ND. 217 
m. MD. 218 
ID. NO. 219 
m. ND. 220 
ID. to. 221 
ID. ND. 222 
ID. ND. 223 
ID. ND. 2.?4 
ID. ND. 225 
ID. ND. 226 
ID. ND. 227 
ID. ND. 228 
ID. NO. 229 
ID. ND. 230 
ID. ND. 231 
ID. ro. 232 
ID. ND. 233 
ID. ND. 234 
m. ND. 235 
ID. MD. 236 
ID. ND. 237 
m. ND. 238 
ID. ND. 239 
ID. ND. 240 
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1249 (SUOUVAACAUAUCXX: WXJQCBGBOSBCAAA ID. ND. 241 

1251 tCMMCPSJMXJXXXJ OGUBGAQGACAAAUA m. NO. 242 

1252 CAAJttCMM«XXWU GUnGW33fiCAAWJBC ID. NO. 243 

^5 AwauAwmwxsuA aosftCAAAtaoxxs m. no. 244 

OOT^aGGaCAAAIA GUGQK3AUJU»U3V ID. NO. 245 
1275 fa\MSJPaX3GMSfaj VStaSCtMSfOMA . ID. NO. 246 

CAAAUBCU3C3MaiMJ GWXaGAAGflGAAMJ ID. NO. 247 

1292 GAOSflGMGfiGAAMXJ 0CfiU3GM0CfiO3CU ID. NO. 248 

^3 JOSfiGAKSBGRAMXr CALQGflQOCflGCXUU ID. NO. 249 

1308 aarasBGocaQocw; {xxxmccmmmsc id. no. 250 

cwxsaflQocaGacuaj cccnvjcmmscoj id. no. 25i 

AaaosGaaaxucw: ocamcramjmcug id. no. 252 

"21 OJCXXXXMGCAAflUA GCIJGAfiGBaWJOCA ID. NO. 253 

AAAUacXXEAMftOJU IXXaOSSftUUGACU: id. no. 254 

AMBOaxSAflGfiOWU asmSMJUGftOJCA ID. NO. 255 

AiaOOXSAAGBCUttX: CTOJSRLUGfiaJCAA m. NO. 256 

«3ACWXXXaGQCaDU GflCUCftAfiGAUUGAU ID. NO. 257 

"^■^ imao33Mju»ac aaagauusmjocugu m. no. 258 

GMJtGflOXaWGAUU GftimxmXJUGAA ID. NO. 259 

"® AMGAWCftUaamj UUUGAflGAMJUUQOG 10. NO. 260 

1364 MCMXXSaXJJOUJ UJGftfiGAMJUUQ3GU ID. NO. 261 

1365 AGMWSAUXramj Ua«3AMJUUQ0GUU ID. NO. 262 

1366 GRUUSftUXUmxXJ GMGAWmmJUC m. NO. 263 
^'^^ OEUUUUaSAAGAAUU a33GUUCUUaDmj ID. MO. 264 
"''^ UmmSAASAAIWU G3SUUCUUUUMXJUC m. NO. 265 

iwaflGAfluurooGuo amauuucuutRc m. no. 266 

asAfiGRflimmxjc ixmrnnwuftcu m. no. 267 

AMAawjumraw uuAuuuojuuBcoas id. no. 268 

1384 KSMimSSXJOMJ URUUUCUUUBOXaa ID. NO. 269 

GAMxmminmj Aimm»cuQ3Mj id. no. 270 

AMJ«XmmxWJA UU03JUUSajQGAUC ID. NO. 271 

1388 UTOsajowwuMW tJcuuuRcuaaAuaju m. ro. 272 

iwaonramiAiwj ajuuBazjjMmx: m. no. 273 

U3(mx3wxjM«x: uuuaax3SMX3]oa m. no. 274 

1^52 (mxzuuwawmw uaaxscauajucAo^ m. no. 275 

1393 arajouusamwu acu3gaucuuc»ck5 m. no. 276 
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1394 


IWCOUUUMXJUCOOUA OUQGADCUUCACnSCJ 


3D. 




277 


1401 


AUUUCUUUACU3GAUC 


ID. 




278 


1403 


UUCUUUTCUGGADCUU CKMCJUQSMUUUG 


ID. 




279 


1404 


^^^^^^^^^^ ^^^\^\^^^m^^\^S^\^^m ~^^T^^*if^g^M^ i~ ^^>^%fVfN_Ji ^ 


llil/. 






1410 


CJ32MJOJ0CPCPQXJ GGAGUUUGACCCAAA. 


TD 
' * ' 






1416 


OUUCACMUUQGAQUU UGACOCAAAUQCAA;^ 


ID. 




282 


1417 


UUC2CAG0CJGSAGUCXJ GAOCX3\AAI]3!!AAiBifi 


m 




283 


1448 










1449 




TD 


.Ml 




1457 






Ml 




1468 




TD 


Ml 


/ 


1469 




rn 


Ml 




1472 




m 


Ml 




1475 


A3CUQ9CUUAAIJUC3XJ GAATtf^^^^ALIAIinT^ 


TD 


Ml 




1485 


AUUGCXJGAAAGW3AUA U3U7^3AM3CACAAU 


3D. 


NO. 


291 


1489 


UUGAAAGW3AUMX3CJA GAMQQ^iZAAUAIJGG 


ID. 


NO. 


292 


1501 


lJGUN3W«XaCAAUA U3QQCACUUUAAAUG 


ID. 


NO. 


293 


1510 


CACAACmXXSQCAaXJ 


ID. 


NO. 


294 


isn 


ACT^AUAUQSQCACUUU AAAUGAMXUAAUAA 


ID. 


NO. 


295 


1512 


CAAIJWJ3QQaCUUUA AAU3AMCUAAUAAU 


ID. 


NO- 


296 


1522 


A^XXIAAATOAMCUA AUAMXXIXJCAOCXJA 


ID- 


NO. 


297 


1525 


UtJ?^AAU3AMCUAAUA AIXXIJUCAOCXIAASU 


ID. 


NO, 


298 


1528 


AAUGAMOUAAUAAIXJ CUCCADCUAMUCLIC 


TD 






1529 




Tn 




jUU 


1531 




ID. 


NO. 


301 


1532 


ftX/yTTHarTKRTTT^Wl^ K^Hf IK fi^T y ^ 

AALA-UA/uJtfvUAAJLX^ AJUUAAOLajUUJUUU 


HD. 


NO. 


302 


1537 




TD 


Ml 

IMC 




1541 


AUU0UUCAOC11AM3UC 


TD 


Ml 




1543 




ID. 


NO. 


AC 

305 


1551 


UAAGUCUGUGUGAAIXJ GAAAUGUCXDGUUUUC 


ID. 


NO. 


306 


1559 


U:SX3AMJUGAAflU3UU OSUUUUCOdaUQOCXJ 


ID. 


NO. 


307 


1560 


GCJGAAUU3AAMJGUUC GUUUUCUOOXXXIJG 


ID. 


NO. 


308 


1563 


AAUUGAAAaSUUOGUU UUCXXTUGOCUGUaC 


ID. 


NO. 


309 


1564 


AUUGAAWJGUODGUUU Uimmi^^ 


ID. 


ND. 


310 


1565 


uusAAAUGuurajuuu amxmjGUQouG 


ID. 


N3. 


311 


1566 


uGAAAuscmmxjc ixxuacxuGuoajGCj 


ID. 


NO. 


312 
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1568 


AAAUGUJqgUUUUOUC CUQ0CIX3UQQUGUSI 


1586 




1591 




1597 


G^aXJSfaXXfOJC AAGQGAAOXJGMXG 


1607 




1618 


MCCXISAGQGUGAAUC UGUAUOmXXSGUC 


1622 


U»OCX1X3AMJOUGU^ lXJJU0CXXX3irriXJ3 


1624 


i«33UC3AAtrU3UMX: UUQCJ03QUCAIXJUUU 


1626 


OSUSAAUDUGUAUGUU QG09GUCMJUUUUAU 


1633 


OJ3UMXMXXXX3f3JC AUUUUUALGUUAUUA 


1636 


UWaXJQ0CX3GUCAaU IXJUAUSUUAUUACnS 


1637 




1638 


USUCXXXX3GUCAUUUU UAUGUUAIXACAG3? 


1639 


CUU30C33GUCA1JUUUU AUC3UUAUJ?Oa39C 


1640 


UXXEDGUCALIUUUUA UGUUAUU?CM3XA 


1644 


CIX3UCAUUUUUAUGUU AUeffiCM3QCAUCX:A 


1645 


03UCAUUUUUAUGUU7V uuAomxsurT^ 


1647 




1648 


CALmJUTmmJUA CAGQCSCAUUCAAALIG 


1657 


<^JU?^UUWC?«3GGOJ GAAADQQXUaCUQC 


1658 


UUAIJJS^CMQQCAUUC AAMXmiOCUOCU 


1674 


AAMxaoQcuoauQcuu A3cuuGCftoamx: 


1675 


MlXmMSCUOCUUA QCUUQCftOCUUGUCA 


1679 


cmxxixsammj ocAam;ucACAU?v 


1686 


OCXmXCXXXSmXJ OUOCAURGftGUGAU 


1689 


CJROOJUQCSmmx: ACAUTmSJGAIJCUU 


1694 


«3C3mX13UCACAU7V GAGUSMXimrCA 


1702 


GUCACAIAS^GUGAUC OXJOOCA/^GAGAAOS 


1704 


CACAUKSGUCSmJU UOOCAAGAGAAOQOS. 


1705 




1706 




1727 


A3AMQC3aA3CAax: GLX3UGCAAC;^»CAA 


1751 


CAGfiCAA3UGAaX3UA Uam3UfiGftaj?\LJU 


1753 




1759 


U^AajGUAUXGUGCA GAOJAUUUGCXJUWCJ 


1764 





PCr/US9S/lSS16 

m. NO. 313 
ID. NO. 314 
ID. ND. 315 
2D. ND. 316 
m. ND. 317 
ID. MO. 318 
ID. NO. 319 
ID. lO. 320 
ID. ND. 321 
ID. ND. 322 
ID. ND. 323 
ID. ND. 324 
ZD. m. 325 
JD. NO. 326 
ID. ND. 327 
m. ND. 328 
ID. ND. 329 
m. ND. 330 
ID. ND. 331 
ID. ND. ? 
ID. NO. 333 
ID. ND. 334 
ID. ND. 335 
m. ND. 336 
ID. NO. 337 
ID. ND. 338 
m. ND. 339 
ID. ND. 340 
ID. NO. 341 
m. ND. 342 
ID. ND. 343 
ID. NO. 344 

ID, ND. 345 

ID. ND. 346 

JD. ND. 347 

ID. ND. 348 
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1766 


^^^^^^USUGUAGACUAUU U3GUUAUUUAALAAA. 




MLl. 




1767 


tXIXJGUGU7\GA0UAlXJ[J GGUUAUUUAAUAAAA 




NJ. 




1771 




m 


vU. 




1772 


GURGACUAUUUQCUUA UOUAAUAAfttSAOGArT 




xr^ 




1774 




ID. 




353 


1775 




m. 


ND. 


354 


1776 




ID, 


N3. 


355 


1779 




ID. 


ND. 


356 


1788 


UtJ^C^AlJAA^«^CI3^ aSUCaGUUQUCXXJ 


ID. 


NO. 


357 


1789 


UUAAUAAftGMGADUU GUC2«mXXXJ 


ID. 


NO. 


358 


1792 


AUAAAGftOGAUUUOX: A3UUGUUUU 


ID. 


NO. 


359 



W096/I873« PCTA)S95/155I6 

THbteAIY; HwmCTS<roineiviHnTiPT,r r^tSflqu«i«^ 
nt. 

Tat^t Sequence Seq.ID.NO. 
a CUfiOJ GOJ QOCUGOGUGQCSaj ID. ND. 360 

82 U3KA OW UrUCBOOajmuOCA m. no. 361 

^ AAACA GWJ USaUftfaSftGAAAOa m. ND. 362 

«nCU (WJ GSirajQCUGUaSlG m. no. 363 
442 OJXU OXJ GfiGAAMCUCUGAAA ID. NO. 364 

""^ Gfic axsfloxamjoaac m. no. 365 ' 

"60 Auru aw uxjgmcmixxxsx; id. ^D. 366 

1407 U3CA OU 0C3SGUUUGAOXAAA m. NO. 367 
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973 AAAGAACA OXSAOGAGGCCGAAAGGCOGAA AAUUUCOC 

977 CDUUAAAG CtlQAUQAOGCCGAAAOGCOGAA ACAGAAUU 

978 UCUUCnVAA CUGAIXSA0C3CCGAAAGGCCXAA AACAGAAU 

980 USCICUaUA OmUGAOGCCXSAAAOGCXXSAA AGAACAGA 

981 OXSUCUUU CUQAlXUaXXXSAAAOGCCG^ AAGAACAG 

982 COX^UCUU C»3AtX:;AOGCCGAAAOGCCX3AA AAAGAACA 
992 GCCAOAAA. CUGADGtfUXSCCGAAAO^COGAA ACCUGUCU 

994 GOGCXAGA OXSm^fXSQCCGfiMJ^^ AUACOIGU 

995 DGOGCCAG CUQAUGAGGCCGAAAOGCOGAA AAUACCUG 

996 UIXXX30CA OXSAtXSAOGCCGAAAGGCOGAA AAAOACCU 
1007 UCaX^AGG CUGAUGAOGCXX^AAAOGCa^AA ACUIXXXSC 
1011 AGAADCCU GUQAUGAOGCCGAAAOGCXXAA AGGGACUU 

1017 GGDIXXSAG aXSAOSAGGCXXSAAAOGCOGAA AUCXrUGAG 

1018 AGGUUOGA CUGAUGAGGCCGAAAGGQCGAA AAUCCUGA 
1020 tXMGUlX: OTGAUGAGGCCGAAAGGCCGAA AGAAUCCU 

1031 UCAAAU3A OXSAUGAGGCCGAAAGGCXXSAA ACUCAOGU 

1032 AUCAAAUG CUGAUSAGGCCX3AAAOOCOGAA AACOCAGG 

1033 GAUCAAAU OIGAUGAGGCCGAAAOGCa^AA AAACUCAG 

1036 AGAGAtXrA OXSAlXyVOCXXXAAAGGCCGAA ADGAAACU 

1037 AAGAGAUC CTOAUGAOGCCGAAAGGCOGAA AAUGAAAC 
1041 AAUGAAGA CUGACGAOGCCGAAAOOCOGAA AUCAAAUG 
1043 AGAAUGAA CUGAUGAGGCCGAAAGGCOSAA AGAOCAAA 

1045 CCAGAAU8 CUGAUGAGGCCXSAAAOGCXXSAA AGAGAUCA 

1046 GCX:AGAAU CUGAUGAOQCCGAAAOGCrGAA AAGAGAUC 

1049 AUGGCCAG OJGADSAQGCCGAAAOGCCXSAA AUGAAGAG 

1050 GAU3GCCA CUGAUGAOCXCGAAAGGCCGAA AAUGAAGA 
1058 AAGGAAGA CUGAUGAGGCCGA/,- ^^:XGAA AUGGCCAG 
1060 UGAAGGAA OXSADCSAGGCCGA; 'U^.-CCSGAA AGAUGGCC 

1062 GCUGAAGG CUSAUGAGGCCGAAAGGCCGAA AGAGAUGG 

1063 UGCUGAAG CUGAUGAGGCCGAAAGGCCGAA AAGAGAUC 

1066 CACUGCUG CUGAUGAGGCCGAAAGGCCGAA AOGAAGAG 

1067 CCACUGCU CUGAOtSAGGCCGAAAGGCCGAA AAGGAAGA 
1085 UAACUUCA CUGAUGAGGCCGAAAGGCCGAA AUGCAGCA 

1092 CUGCUAAU CUGAUCSAGGCCGAAAGGCCGAA ACUUCAUA 

1093 CCUGCUAA CUGAUSAOGCCGAAAGGCCGAA AACUUCAU 

1095 UCCCUGCU CUGAUGAGGCCGAAAGGCCGAA ADAACUUC 

1096 AUCCCUSC CUGAUSAOGCCGAAAGGCCGAA AAUAACUU 
1105 GAAAACAG CUSAtXSAQGCCGAAAOOCCGAA AUCCCUGC 

1110 AAAAUGAA CUGAUGAGGCCGAAAGOCOGAA ACAGUAUC 

1111 AAAAAU3A CUSAUC3AGGCCGAAAOGCOGAA AACAGUAU 

1112 UAAAAAUG CUGAUGAGGCCGAAAGGCCGAA AAACAGUA 

1113 UUAAAAAU CUGAUGAOGCCGAAAOOCOGAA AAAACAGU 

1116 CCUUUAAA CUQAUGAGGCCGAAAOOCOGAA AUGAAAAC 

1117 UOCUUUAA CUGAUCSAOGCOGAAAOOCOGAA AAUGAAAA 

1118 UUCCUUUA COGAUGAOGCCGAAAOGCCGAA AAAUGAAA 

1119 GUUCCUUU CUGAUGAOGCCGAAAOGCCGAA AAAAUGAA 

1120 AGUUCCUU CUQAUGAQQCCGAAAOGCCGAA AAAAAUGA 

1129 CCAGAACU CW3AUGAGGCCGAAAGOCOGAA AGUUCCUU 

1133 UGGCCCAG CUGAUGAGGCCGAAAGGCCGAA ACUGAGOU 
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1134 A1X3GC0CA CUGWIGAOGaxyuUUXSCOCSAA AACUC5AGU 

11^3 UOUOCUCU CUGAOSAGGCCXSAAAOGCXXSAA AUGGGCOl 

1144 AUOWXUC CaGAUGaU«XX3AAA0GC0QAA AAOOQCCC 

1158 CCAGCUIX3 OXSAUGAOSCCCyUkAGGCCGAA ACXrUCAUU 

1168 0CUW30GU OTGAUGAOCXXXAAAGOCCGAA ACCAGCUU 

11€9 UOCUtXSGG aX3AUGAOaXGAAAQC3CCGAA AACCAGCU 

1182 AOGGWUG CUGWIGAGGCCGAAAOGOOGAA AUGCUUCU 

U95 IX5AA00QA OXSAUGAOOCCGAAAGGCCGAA ACXXMOG 

1196 UtX3AAOC3G aX3AjW3AOCXXX»AAGQCXX3AA AACCCAC3G 

1157 GUIXSAAGG CUGAOE^AGGCXGAAAOGCXSGAA AAACCCAG 

1201 UAUOGUUG COGAIXaUSGCCGAAAGGOOQAA AGGC5AAAC 

1202 UUAWQGUU aXSMTCAGGCCXSAAWSOaX^ AAGC3GAAA 
1209 AUODOUCU ClXSaXMCXXXSAAAOGCOGAA MK3GUUGA 
1218 GCAGCAUC COGAIXaUXmSAAAGGCCGAA ADOUOUCU 

1230 UUAUCAGA OK^IXSAGGCCGAAAGGCXDGAA AUGGCAGC 

1231 CUOAUCAG CUGAUGAGGCCGAAAGG00G5AA AAUOGCAG 

1232 COJUAUCA CTOAWawXXXXBUUVGCWOGAA AAAUGGCA 
1237 CXrUUUOOJ CWAIX»OCXrGAAAOGCXX5AA AOCAGAAA 
1256 CAAAGAAG COGAIXa^GGCCGAAAGGCCGAA AUGUUUUC 

1259 CXIACAAAG CUGAUGAGGCXXSAAAGGCCGAA AGUAUGUU 

1260 UCCACAAA OXyvUGAGGCCGAAAGGCXXSAA AAGUAOGU 

1262 CUOCCACA OKSAUSAOQCCXauUUSGCCXSAA AGAAGUAU 

1263 UCUUCCAC C0GAOGAQGCCGAAAOGCCX»A AAGAAGUA 
1277 ACXruCCAG CUGAUGAQGCCGAAAGGCCGAA AUUUGUCU 

1286 UOJCAUCA CtXSAlKSAGGCCGAAAGGCCGAA ACCUCCAG 

1287 UUCUCAUC CUGAUGAGGCCGAAAOQCCDGAA AACXXXXA 
1304 CSCUCCAGG COGAUGAQGCXGAAAGQCOGAA ACUGUCUC 

1319 GOaJOGGk CUQAWSaOGCCGAAAGGCCXyUV AGCCUGOC 

1320 UGUCUOGG CUGAUGAOGCCGAAAOGCCGAA AAGCXnxw 

1321 AIX3UCW3G CTOAUGAGC3CXX3AAAGGCOGAA AAAGCOXS 
1330 UUCUGCUA CUGAUGAQGCCGAAAGGCCGAA AUGUCUGG 
1332 UCUUOXSC CUGAW3AG0CCGAAAGGCCGAA AUAUGUCU 

1343 UUCCUGGA CUSAUGAOGCCGAAAGGCCGAA AGUCUUCU 

1344 AUUCCUGG CUGAtXSAGGCOGAAAGGCCGAA AAGUCUUC 

1345 AAUUCaJG CUGAIXSAGGCCGAAAGGCCGAA AAAGUCUU 

1353 UUUGGAUU CUGAUSAGGCCGAAAOGCCGAA AUUCCUGG 

1354 CUUUSGAU CWAUGAOGCCGAAAGGOCGAA AAUUCCUG 
1357 GAUCUUro COGAWSAOGCOGAAAGGCOGAA AUUAAUUC 
1365 ACAOCAUC CUGAUGAOSCCGAAAGGCCGAA AUCUUUOG 

1374 GCUUCAAA CUGAUGAOGCCGAAAOGCCGAA ACAGCAUC 

1375 UGCUUCAA CUGAUGAGGCCGAAAOGCCGAA AACAGCAU 

1376 AUGCUUCA CUGAUGAOGCCGAAAOGCCGAA AAACAGCA 

1377 AAUGCUUC CUGAUGAOGCCGAAAOGCCGAA AAAACAGC 

1385 AAAACCCA CUGAUGAGGCCGAAAOGCCGAA AUGCUUCA 

1386 AAAAACCC CUGAUGAGGCCGAAAGGCCGAA AAUGCUUC 

1391 AAUTIGAAA CUGAUGAGGCCGAAAOGOOGAA ACCCAAAU 

1392 AAAUAGAA CUGAUGAOGCCGAAAGGCOGAA AACCCAAA 

1393 GAAAUAGA CUGAUGAOGCCGAAAOGCCGAA AAACCCAA 

1394 AGAAAUAG CUGAUGAOGCCGAAAOGCCGAA AAAACCCA 
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1395 AAGAAAUA CUGAUGAOGCCGAAAGGCCGAA AAAAACOC 

1397 UGAAGAAA CUGAUGA0GCCGAAA0GCXX3AA AGAAAAAC 

1399 ACUQAAGA OIGAUGAGGCCGAAAOGCOGAA AUAGAAAA 

1400 CACUGAAG CUGAUGAI3GCCGAAAOGO0GAA AAUAGAAA 

1401 CCACUGAA CUQAIKSAOGCCGAAAOGCCXSAA AAAUAGAA 

1403 AUCCACOG CUGAUGAGGCCGAAAGGCCGAA AGAAAUAG 

1404 GAUCCACa CUGAUGAOGCCGAAAGGCCGAA AAGAAAUA 
1412 ACUGUGAA OISAUGAGGCCGAAAOGCOGAA AUCCACUG 

1414 CGACUGU5 COGAUGAGGCCGAAAOGCCGAA AGAUCCAC 

1415 CCGACUGO COGAUGAGGCCGAAAGGCOGAA AAGAUCCA 
1421 CAAAOJCC CUGAUGAGGCCGAAAGGCCGAA ACUGUGAA 

1427 UUGGGUCA CUGAUGAGGCCGAAAGGCCGAA ACUCCGAC 

1428 UDUSGGUC CUGAUGAOGCOGAAAGGCOGAA AACUCXXSA 

1458 CUCUUCAA CUGAUGAOGCCGAAAGGCCGAA ACAUGU5U 

1459 GCOCUUCA CUGAUGAOGCCGAAAGGCCGAA AACAUGUG 

1460 UGCUCUUC CUGAUGAGGCCGAAAGGCCGAA AAACAUGU 

1478 AACACUSA CUGAUGAOGCCGAAAGGCCGAA ACCAGCUS 

1479 UAACACUG CUGAUGAOGCCGAAAGGCCGAA AACCAGCU 

1480 CUAACACU CUGAUGAGGCCGAAAGGCCGAA AAACCAGC 

1486 CCCCUCCU CUGAUGAGGCCGAAAGGCCGAA ACACU3AA 

1487 ACCCCUCC CUGAUGAGGCCGAAAGGCCGAA AACACUSA 
1498 GCCUUCUA CUSAUGAGGCCGAAAGGCCGAA ACACCCCU 
1500 GUGCCUUC CUGAUGAOGCCGAAAGGCCGAA AUACACCC 

1519 UCAUUUAA CUGAUGAGGCCGAAAGGCCGAA ACAUUCAU 

1520 UUCAUUUA CUGAUGAGGCCGAAAGGCCGAA AACAUUCA 

1521 GUUCAUUU CUGAUGAOGCCGAAAGGCCGAA AAACAUUC 

1522 GGUUCAUU CUGAUGAOGCCGAAAGGCCGAA AA^ \C\UU 
1532 UG^ACAAU CUGAUGAOGCCGAAAGGCCGAA AC. OCAU 
1535 UGUUGAAC CUGAUGAGGCCGAAAGGCCGAA AUUAGGUU 

1538 AAGUGUUG CUGAUGAGGCCGAAAGGCCGAA ACAAUUAG 

1539 UAAGOGUU CUGAU3A0GCCGAAAGGCCGAA AACAAUUA 

1546 AAAOUCCU CUGAUGAOGCCGAAAGGCCGAA AGUGUUSA 

1547 CAAAGUCC CUGAUGAOGCCGAAAGGCCGAA AAGUGUUG 

1553 AACUCACA CUGAUGAOGCCGAAAGGCCGAA AGUCCUAA 

1554 CAACUCAC CUGAUGAOGCCGAAAGGCCGAA AAGUCCUA 
1561 GOCACUUC CUGAUGAOGCCGAAAGGCCGAA ACUCACAA 
1571 GAGAAAAU CUGAUGAOGCCGAAAGGCCGAA AGCCACUU 

1574 CAOGAGAA CUGAUGAOGCCGAAAGGCCGAA AUGAGCCA 

1575 GCAGGAGA OXSAUGUtfSGCCGAAAOGCCGAA AAUGAGCC 

1576 UGCAOGAO CUGAUGAOGCCGAAAGGCCGAA AAAUGAOC 

1577 AUGCAGGA CUGAUGAOGCCGAAAGGCCGAA AAAAU3AG 
1579 AUAUGCAG CUGAUGAOGCCGAAAGGCCGAA AGAAAAUG 
1586 UCACAOCA CUGAUGAGGCCGAAAGGCCGAA AUGCAGGA 
1602 AUGCUOGA CUGAUGAOGCCGAAAGGCCGAA AUUCCCAU 
1604 UCAUQCUC CUGAUGAOGCCGAAAGGCCGAA AGAUUCCC 
1620 CAGUUAGA CUGAUGAGGCCGAAAGGCCGAA ACACAGUU 
1622 UCCAOUUA CUGAUGAOGCCGAAAGGCCGAA AUACACAO 
1624 AOUCCAGU CUGAUGAGGCCGAAAGGCCGAA AGAUACAC 
1633 GAUGUGCA CUGAUGAOGCCGAAAGGCCGAA AGUCCAjGU 
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1634 OCaDGWJC axattXSAGGOOGAAAGGCOGAA AAOJCCM 

1641 OCXXSURAC COGAOCSAQCXXGAAAGGCXMWl AUGUOCAA 

1644 ACAOOOSU CDGWXSAGtXOCauVAQOOCGAA ACGAUGUG 

1645 AACACCXXS CWaOGAGGC3CGAAAGC5COGAA AACGAOGU 

1653 CCOQUOWS C«3WXaiC»XGAAAaGCCGAA ACACCCGU 

1654 GOCOtSOUU aX3Att»OaXGAAAflOCOGAA AACACCCXS 

1670 W3CAAGC0 CWaUXyUXXXXyiAAGGCCQAA AGCAGCAG 

1671 csrocskAGc axaaxaasaxavAAoxxxsAA aagcagca 

1675 0CAAGW3C COSAWStftfJGCCGAAACSaCXKAA AOCUAAOC 

1681 ADSWSADC CWSMXSAQGCOGAAAGGCOOAA AGUGCAAG 

1685 ODCCAOSU CW5AW!AGGOCGAAA£3QCCX3AA AUCAACOG 

1701 OCWMUM COSAOCayQaXSAAAGGC^ 

1702 GOClWaW C«3A»a»0MCGAAAGG00SAA AAfiOJCCC 
1720 CACMXaW CWSAIXSAQtXXX^AWXSCOGaA ACOUCCCC 
1723 OCACACM; CUGMXyvQGCCGAAAGGCCGAA iWJOACUUC 
1744 AUAGACAC C0GA0GAaGCa3AAAG(X:0GAA AOCaOJCK 
1749 OCCaCftUA CW3MX3AQGCCCSJiAQaXX3AA ACACAAUC 
1751 AAOOCACA OXSaDGAOGOCCSAAAGCSCOGAA AQACACAA 

1759 GGQCAAAU COGAUGAGCJCaSAAAGGCCQAA AUCCACAU 

1760 OGGGCAAA COGAtXauXJQIXSAAAGQCCGAA AAITCCACA 

1762 AAIX3CWCA aX3AtX3AGGCXXaUJU3GCCC»A AUAAOCCA 

1763 UAAOGGGC CXXSWQMtXSXSMkOCXXX^lA AAUAAOOC 

1770 UAUOAAAU COCSAUSAGGCCX3AAAGC3CCGAA AUGGGCAA 

1771 UUAUUAAA CaC»»3AGCX»3AAAGGCa3AA AAUGGGCA 

1773 COOUAUUA OJGAUGAGGCXXJAAAtSGCCGAA AUAAUC3GG 

1774 UCOUUAUU COGAOSAGGCCGAAAGGCXaSAA AAUAAOOG 
^'•'75 COCUUUAU COGAOSAGGCCGAAAGGCCGAA AAAUAAUG 

ADOCOCOT COGAaSAGGOOSAAAOGCOCaA AOUAAAUA 

1787 AAOOGACA COGADGAOQCXXSAAAOGCCGAA AOCCOCUU 



W09^1873« PCT/US9S/1SS16 



164 




C8 

u 

(0 

CO 



(0 
4> 
U 

c 

Cr -------- 

CO 

a iiiiiiiiiiiiiiiiiiiiiii 

a iiilliiiiiil 

c 
eg 

4) 






^ iiiiiiiiiiiiif iii^^^^"^^^ 

•3 §3SgSSSg§§ggggg§gg§gggggggg 

C 

B 
o 

CO 

c 

3 




< o 



wo 96/18736 



PCT/US9S/1S516 




W09d/18736 PCTAJS95/15516 

Table BIL Human B7-1 HammeEiiead Bibozyme Sequences 



nt HH T^et Sequence 
Position 



6 


AAACCCU C UGUAAAG 


12 


cxrrxruGu a aaguaac 


17 


GUAAAGU A ACAGAAG 


26 


CAGAAGU U AGAAGGG 


27 


AOAAGUU A GAAGQGG 


41 


GAAADGU C OGCUCCJC 


AC 


GUCOCCU C UCOGAAG 


A Q 


CGGCUCU C UGAAGAU 


5o 


UGAAGAU U ACCCAAA 


57 


GAAGAOU A CCCAAAG 


75 


AAGW3AU U DGOCAUU 


76 


AGCXSAUU U GUCAUUG 


79 


GAUUtXjU C AUUGCUU 


82 


XIDGOCAU U GCUUUAU 


86 


CAUUGCU U QAUAGAC 


07 


AUUSCUU U ADAGACU 


DO 
OO 


XJUGCUUU A UAGACUG 


90 


GCUUUAU A GACUGUA 


97 


AGACUGU A AGAAGAG 


110 


AGAACAU C UCAGAAG 


112 


AACAUCU C AGAAGUG 


124 


GUGGAGU C UUACCru 


126 


GGAGUCU U ACCCUGA 


127 


GAGUCUU A OCCOGAA 


137 


OX^AAAU C AAAGGAU 


145 


AAAGGAU U UAAAGAA 


146 


AAGGAUU U AAAGAAA 


147 


AGGAUUU A AAGAAAA 


163 


GUGGAAU U UUUCUUC 


164 


UGGAAUU U UUCUUCA 


165 


GGAADUU U UCUUCAG 


166 


GAAUUUU U CUUCAGC 


167 


AAUUUUU C UUCAGCA 


169 


UUUUUCU U CAGCAAG 


170 


UUUUCUU C AGCAAGC 


187 


UGAAACU A AAUCCAC 


191 


ACUAAAU C CACAACC 


200 


ACAACXrU U UQGAGAC 


201 


CAAOCUU U GGAGACC 


221 


ACACCCU c CAAuax: 


226 


CUCCAAU C UCUGUGU 


226 


CCAAUCU C UGUGUGU 



nt. 


HH Taziget Sequence 


Position 


236 


USUGUGU U UUGUAAA 


237 


GUGUGUU U UGUAAAC 


238 


UGUSUUU U GUAAACA 


241 


GUUUUGU A AACAUCA 


247 


U^AACAU C ACUGGAG 


258 


GGAGGGU C UUCUACG 


260 


AGGGUCU U CUAOGUS 


261 


GGGUCUU C UACGUGA 


263 


GUCUUCU A CX3UGAGC 


274 


GAGCAAU U GGAUUGU 


279 


AUUGGAU U GUCAUCA 


282 


GGAUUGU C AUCAGCC 


285 


UUGUCAU C AGCCCUG 


298 


USCCUGU U UUGCACC 


299 


GCCUGUU U UGCACXIW 


300 


CCU3UUU U GCACXrUG 


322 


CCCTOGU C UUACUUG 


. 324 


CUOGUCU U ACUUGGG 


325 


UGGUCUU A CUUGOGU 


328 


UCUDACU U GGGUCCA 


333 


OKXSGGU C CAAAUUG 


339 


UCCAAAU U GUUGGOJ 


342 


AAAUU5U U GGCUUUC 


347 


GUUGGOJ U UCACUUU 


348 


UUGGCUU U CACUUUU 


349 


UGGCUUU C ACUUUUG 


353 


OUUCACU U UUGACCC 


354 


UUCACOU U UGACCCU 


355 


UCACUUU U GACCCUA 


362 


UGACCCU A AGCAUCU 


368 


UAAGCAU C UGAAGCC 


404 


GGAACAU C ACCAUCC 


410 


UCACCAU C CAAGUGU 


418 


CAAGUGU C CAUACCU 


422 - 


UGIXXAU A CCUCAAU 


426 


CAUACCU C AAUUUCU 


430 


CCUCAAU U UCUUUCA 


431 


CUCAAUU U CUUUCAG 


432 


UCAAUUU C UUUCAGC 


434 


AAUUUCU U UCAGCUC 


435 


AUUUCUU U CAGCUCU 


436 


UUUCUUU C AGCUCUU 
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441 

443 

457 

459 

460 

461 

463 

467 

468 

472 

473 

480 

481 

483 

521 

529 

537 

538 

539 

543 

562 

567 

569 

601 

608 

622 

624 

635 

651 

653 

654 

658 

660 

664 

667 

672 

674 

678 

684 

691 

701 

716 

726 

729 

730 

737 

751 

752 

753 



UUCAGCU C 
CAGCUCU U 
OGCUGGU C 

cuoGoro u 

IX3GUCUU U 
OGOCOUU C 

ucouucu c 

UCUCACU U 
CUCACUU C 

oracuGu u 

UUCUGUU C 
CAOGUGU U 
AQG»SW A 
GUGUUAU C 
AOOCtJSU C 
CUGUGGO C 
ACAAIX3U U 
CAAtJSUU V 
AAUGUUU C 
UUUOXSU U 
ACAAACU C 
CUCXSCAU C 
CGCAUCU A 
GCUSACU A 
AUGAUGU C 
CAUGAAU A 
UGAAUAU A 
CCOGAGU A 
GGACCAU C 
ACCAUCU U 
CCAUCUU U 
CUUUGAU A 
UtJGAUAU 
UAUCACU 
CACUAAU 
AUAACOJ 

UCUCCAU 
U0GOGAX3 
CCTOOCU 
CGCCCAO 
GGCACAU 
AGUGUGU 
GUGUUGU 
UGUUGUU 
CUGAAGU 
AGACGCU 
GACDGCUU U 
ACOCUUU C 



c 

A 
A 

C 
C 

u 
c 
c 

c 

A 

u 
u 
c 

A 

u 



UU3GU0C 
OGUGOIG 
UUUCUCA 
OCUCACU 
CUCACUU 
UCACUUC 
ACUUCUS 
CUGUUCA 
UGUUCAG 
CAGGCI3U 
AOGUGUU 
AUCCAC6 
IXXAOGU 

cacgug;^ 

CUGUCX^U 
ACAAUGU 
UCUGUUG 
COGUUGA 
USUUGAA 
GAAGAGC 
GCAUCUA 
UACUQGC 
OKSGCAA 
UGAUGUC 
UOCXXSAC 
UAUGGCC 
UCGCCCG 

UJUGAUA 
USAUAUC 
GAUAUCA 
UCACUAA 
ACUAAUA 
AIIAAOCU 
ACCUCUC 
tXXAUUG 
CAUUGUG 
GUGAUCC 
COQOaJC 
UGCGCXX: 
USACXIAG 
CGAGCX;U 
GUUCU3A 
CUGAAGU 
USAAGUA 
UGAAAAA 
UCAAOCG 
CAAGO^G 
AAGCGGG 



782 

783 

785 

789 

800 

801 

805 

811 

814 

816 

818 

824 

825 

831 

832 

838 

839 

841 

844 

846 

847 

855 

858 

859 

863 

869 

877 

878 

879 

880 

889 

894 

896 

902 

920 

921 

930 

942 

943 

944 

952 

966 

968 

975 

976 

991 

992 

993 

997 



GUSAOGU U 
WSAOCOU A 
ACGUUAU C 
UAUCACU C 
GCUGACU U 
CUGACUU C 
CUUCCCO A 
UACACCU A 
ACXUAGU A 
CUAGUAU A 
AGUAUAU C 
UCUGACU U 
CUGACUU U 
UUGAAAU U 
UGAAAUU C 
UCCAACU U 
CCAACUU C 
AACUUCU A 
UUCUAAU A 
CUAAUAU U 
UAAUAUU A 
GAAGGAU A 
GGAUAAU U 
GAUAAUU U 
AUUUGCU C 
UCAACCU C 
UGGAGGU U 
GGAGGUU U 
GAOGUUU U 
AGGUUUU C 
AGAGCCU C 
CUCACCU C 
CACCUCU C 
UCCUGGU U 
GAAGAAU U 
AAGAAUU A 
AUGCCAU C 
CAACAGU U 
AACAGUU U 
ACAGUUU C 
CCAAGAU C 
CUGAGCU C 
GAGCUCU A 
AUGCUCU U 
UGCUGUU A 

ACIX5GAD U 

CUGGADU U 
UGGAUUU C 
UUUCAAU A 



AUCAGUC 
UCAGUCA 
AGUCAAA 
AAAGCUG 
CCCUACA 
CCUACAC 
CACCUAG 
GUAUAUC 
UAUCUGA 
UCUGACU 
UGACUUU 
UGAAAUU 
GAAAUUC 
CCAACUU 
CAACUUC 
CUAAUAU 
UAAUAUU 
AUAUUAG 
UUAGAAG 
AGAAOGA 
GAAGGAU 
AUUUGCU 
03CUCAA 
GCUCAAC 
AACCUCU 
UGGAGGU 
UUCCAGA 
UCCAGAG 
CCAGAGC 
CAGAGCC 
ACCUCUC 
UCCUGGU 
CUGGUUG 
GGAAAAU 
AAAUGCC 
AAUGCCA 
AACACAA 
UCCCAAG 
CCCAAGA 
CCAAGAU 
CUSAAAC 
UAUGCUG 
UGCUGUU 
AGCAOCA 

GCAGCAA 

UCAAUAU 
CAAUAUG 
AAUAUGA 
ICACAAC 
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1016 


CACAOCU U CAUGU3U 


1315 


1017 


ACAGCUU C ADGUGUC 


U24 


1024 


CAKX3UGU C IICAUCAA 


1334 


1026 


UC3U3UCU C AUCAAGU 


1335 


1029 


GUCUCAU C AAGUAUG 


1337 


1034 


AUCAAGU A UGGACAU 


1338 


1042 


UGGACAU U UAAGAGU 


1342 


1043 


GGACAUU U AAGAGUG 


1343 


1044 


GACAUUU A AGAGOSA 


1350 


1054 


AGUGAAU C AGACCUU 


1351 


1061 


CAGACCU U CAACUQG 


1352 


1062 


AGACCUU C AACUGGA 


1359 


1072 


CUGGAAU A CAACCAA 


1360 


1090 


AGAGCAU U UUCCUGA 


1361 


1091 


GAGCAUU U UCCUGAU 


1362 


1092 


AGCAUUU U CCtPGAUA 


1369 


1093 


GCAUUUU C CUGAUAA 


1373 


1099 


UCCUGAU A ACCOGCU 


1378 


1107 


ACCTOCU C CCAUCCU 


1379 


1112 


CUCCCAU C CUGGGCC 


1381 


1122 


GQGCCAU U ACCUUAA 


1382 


1123 


GGCCAUU A CCUUAAU 


1390 


1127 


AUUACCU U AAUCUCA 


1392 


1128 


UUAOCUU A AUCUCAG 


1393 


1131 


CCUUAAU C UCAGUAA 


1394 


1133 


UUAAUCU C AGUAAAU 


U99 


1137 


UCUCAGU A AAUGGAA 


1400 


1146 


AUGGAAU U UUUGUGA 


1412 


1147 


UGGAAUU U UUGUGAU 


1413 


1148 


GGAAUUU U UGUGAUA 


1429 


1149 


GAAUUUU U GUGAUAU 


1433 


1155 


UUGUGAU A UGCUGCC 


1 dis 


1169 






1175 


UACUGCU U XXSCCCCA 




1176 


ACIXXWU U GCCCCAA 


1440 


1214 


GAGAGAU U GAGAAOG 


1442 


1230 


AAAGUGU A CGCCCUG 


1448 


1239 


GOOCUGU A UAACAGU 


1455 


1241 


CCUSUAU A ACAGUGU 


1456 


1249 


ACAG(X;U C CGCAGAA 


1460 


1275 


AAAAGAU C UGAAGGU 


1461 


1283 


UGAAGGU A GCCUCCG 


1466 


1286 


GUAGCCU C CGUCAUC 


1471 


1292 


COJOOGU C AUCUCUU 


1473 


1295 


CCGUCAU C UCOUCUS 


1474 


1297 


GUCAUCU C UUCUGGG 


1476 


1299 


CAUCUCU U CUGGGAU 


1477 


1300 


AUCUCUU C UGQGAUA 


1476 


1307 


CUOGGAU A CAUGGAU 


1486 



CAUGGAU C GUGGGGA 
UGGGGAU C AUGAOOC 
GAGGCAU U CUUCCCU 
AGGCAUU C UUCCCUU 
GCAUUCU U CCCUUAA 
CAUUCUU C PCUUAAC 
CUUCCCU U AACAAAU 
UUCCCUU A ACAAAUU 
AACAAAU U UAAGCUG 
ACAAAUU U AAGCUGU 
CAAAUUU A AGOIGUU 
AAGCUGU U UUACCCA 
AGCWSUU U UACCCAC 
GCUGUUU U ACCCACU 
CUGUUUU A CCCACUA 
ACCCACU A CCUCACC 
ACUACCU C ACCUUCU 
CUCACCU U CUUAAAA 
UCACCW C UUAAAAA 
ACCUUCU U AAAAACC 
CCUUCUU A AAAACCU 
AAAACCU C UUUCAGA 
AACCUCU U UCAGAUU 
ACCUCUU U CAGAUUA 
CCUCUUU C AGAUUAA 
UUCAGAU U AAGCUGA 
UCAGAUU A AGCUGAA 
GAACAGU U ACAAGAU 
AACAGUU A CAAGAUG 
CUGGCAU C CCUCUCC 
CAUCCCU C UCCUUUC 
UCCCUCU C CUUUCUC 
cucuccu U UCUCCCC 

UCUCCUU U CUCCCCA 
CUCCUUU C UCCCCAU 
CCUUUCU C CCCAUAU 
UCCCCAU A UGCAAUU 
AtXXAAU U UGCUUAA 
UQCAAUU U GCUUAAU 
AUUUGCU U AAUGUAA 
UUUSCJU A AUGUAAC 
UUAAircU A ACCUCUU 
GUAACCU C UUCUUUU 
AACCUCU U CUUUUGC 
ACCUCUU C UUUUGCC 
CUCUUCU U UUGCCAU 
UCUUCUU U UGOCAUG 
CUUCUUU U OCCAUGU 
GCCAUGU U CCCAUUC 
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1487 


CCADCUU U OCAUOCU 


1488 


CAU3UUU C CAUUCUG 


1492 


UUUOCAU U COOOCAU 


1493 


UUOCAOU C UGCCADC 


X500 


COOCCAU C UUGAAUU 


1502 


GCCADCO U GAAUOGU 


1507 


CUU3AAU U GOCUUGU 


1510 


GAAOUGU C UUGUCAG 


1512 


AUUGUCU U GUCAGCX: 


1515 


GOCUUGU C AGCCAAU 


1523 


AOCXrAAU U CAUUAUC 


1524 


GCCAAUU C AUUMJCU 


1527 


AAXJUCAU U AUCUAOU 


1528 


AUOCAUO A UCUAUUA 


1530 


t^CADUAa C UAUUAAA 


1532 


AUUAOCU A UUAAACA 


1534 


t^AlXrUAU U AAACACU 


1535 


AOCUAUU A AACACUA 


1542 


AAACACU A AUUUGAG 
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nt. HHRibo2yme Sequence 

Position 

8 OJUUACA aX}JaX»aXXXAAAOGCCGAA AOOGUUU 

12 GUaACUU aX»DGMXXXXAAAOGCXX»A ACAGAOG 

17 OroCUGO CUGAUGAOesCXXSAAAOGOQGAA ACUUUAC 

26 CXXXWCU CUSAUGAGGCCXaAAAGGCCGAA ACUUCDG 

27 CCCCOUC COSMXaGGCXXSAAJUOQCOGAA AACOOCU 
41 GAGAOGC OXSAOGAOGCXSGJUU^GGCOGAA ACAUUUC 
46 CUUCAGA CUGAUGAGGCCGAAAGG0CX3AA AGGCGAC 
48 AUCUUCA OXSMISAGGCCGAAAOGCCGAA AGAGGCG 

56 UUtXSGGU CUGAUGAGGCCXSAAAGGCCGAA AUCUUCA 

57 CUUUGGG OXSAUGAGGCCGAAAGCJCCGAA AAUCUUC 

75 AAUGACA OTCaiXStfUXXTGAAAGGCCGAA AUCACOU 

76 CAAIXSAC OWAOGAGCXXXSAAAOGCCGAA AAtX:ACU 
79 AAGCAAU CUGAlXSAOCXXXaUUVGGCCGAA ACAAAUC 
82 AUAAAGC CUGAUGAGGCCGAAAGGCCGAA AUGACAA 

86 GUCUAUA COGAUGAiOGCCGAAAGGCCGAA AGCAAUG 

87 AGUCUAU ClXy^lXSJtfJGCCGAAAOGCCGAA AAGCAAU 

88 CAGUCUA CXX^AUGAOCXXXSAAAOGCCG^ AAAGCAA 
90 UACASUC aXSAtXSAGGCCGAAAGGCCGAA AUAAAGC 
97 CUCUUCU aX3AlX»GGCXX3AAAC3GCCGAA ACAGUCU 
110 CUUCUGA aXMXaVQGCCGAAAGGCCGAA AUGUUCU 
112 CACCKJCU CUGAIX5AOGCCX5AAAGCXXGAA AGAUGOU 
124 AGGGUAA CUGAUSMGCOSAAAGGCXXSAA ACUCCAC 

126 UCAGGGU OKSAUCSAGGCCCSAAAGGCCGAA AGACUCC 

127 UUCAGGG CtJGAUGAGQCCGAAAGGCCGAA AAGACUC 
137 AUCCUUU CUGAUCSAGCXXXaAAAGGCCGAA AUUUCAG 

145 UUCUUUA OXSAIXSAGGCCXSAAAGGCCGAA AUCCUUU 

146 UUUCUUU CUGAOSAOGCCGAAAGGCCGAA AAUOCUU 

147 UOOUCUU OXSAtXSAGGCCGAAAGGCCGAA AAAUCCU 
1S3 GAAGAAA CUGAUGAGGCCGAAAGGCCGAA AUUCCAC 

164 UGAAGAA CUSAUGAGGCCGAAAOGCCGAA AAUUCCA 

165 OXSAAGA CUGAUGAGGCCGAAAGGCCGAA AAAUUCC 
.166 GOXSAAG CUGAUGAGGCCGAAAGGCCGAA AAAAUUC 
167 UGCUGAA CUGAUGAGGCCGAAAGGCCGAA AAAAAUC 

169 CUUGCUG CUGAUGAGGCCGAAAGGCCGAA AGAAAAA 

170 GCUUGCU CUGAUGAGGCCGAAAGGCCGAA AAGAAAA 
187 GUGGAUU CUGAUGAGGCCGAAAGGCCGAA AGUUUCA 
191 GGUU3UG CUGAUGAGGCCGAAAGGCCGAA AUUUAGU 

200 GUCUCCA CUGAUGAGGCCGAAAGGCCGAA AGGUUGU 

201 GGUCUCC CUGAUGAGGCCGAAAGGCCGAA AAGGUUG 
221 GAGAUUG CUGAUGAGGCCGAAAGGCCGAA AGGGUGU 
226 ACACAGA CUGAUGAGGCCGAAAGGCCGAA AUUGGAG 
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228 ACACAC^ CUSAUGAOGOOGAAAGGOOGAA AGAUUQ6 

236 UUUACAA CUGAUGAOOXX^AAJUSGCCGAA ACACACA 

237 GUUUACA OIQADGAOGCOGAAAGGCXX^AA AACACAC 

238 tXSUUUAC CUGACX^AOGCOGAAAOGCCGAA AAACACA 
241 UQAUSUU CUQAUQAOC3COQAAAGGCCX3AA ACAAAAC 
247 OICCAGU CIJGAUGAOGCCGAAAOGCCGAA AUOUUUA 
2S8 OGUAGAA CUGAUGAGGCCGAAAGGCCX3AA ACCCUCC 

260 CACGOAG CUQAtlSAOOCXXSAAAOGCXGAA AGACCCU 

261 UCACGUA CUSAUGAGGCOGAAAOGCCGAA AAGACXX: 
263 GCUCACX3 CUSAUGAOGCCXSAAAOOCCGAA AGAAGAC 
274 ACAAUCC CUGAUGAOGCOGAAAOGCCGAA AUUGCUC 
279 OGAaOAC CUGAUGAGOCCGAAAOGCCGAA AUCCAAU 
282 GGCUGAU CXXyOXyVOCXXXSAAAGGCCXSAA ACAAUCX: 
285 CAGOGCU CUGMX3A0GC0GAAAGGCCXSAA AUGACAA 

298 OGUGCAA CUGAUQAOGCCX3AAAGGCXX3AA ACAOGCA 

299 AGGUGCA CUGAUQAOGCCX3AAAGGCOGAA AACAOGC 

300 CAGGUGC CXWAIXSAOGCTGAAAQGCCGAA AAACAOG 
322 CAAGUAA OXSAIXSAQGCCXSAAAGGOCGAA ACCAGGG 

324 CCCAAGU CUGAUGAGGCCGAAAOGCCGAA AGACXJU3 

325 ACCCAAG CUGAOGAGOCCGAAAOGCCGAA AAGACCA 
328 UGGAOCC CUGAUGAGGOXAAAOGCIOGAA AGUAAGA 
333 CAAUUUS CUCAOGAQGCCXSAAAGGCCGAA ACCCAAG 
339 AGCCAAC CUGAUGAGGCCGAAAGGCCGAA AUUUOGA 
342 GAAAGCC CUGAUGAGGCCGAAAGGCCGAA ACAAUUU 

347 AAAGUGA CUGAUGAGGCCGAAAGGCCGAA AGCCAAC 

348 AAAAGUG OIGAUGAOGCCGAAAGGCCGAA AAGCCAA 

349 CAAAAGU CUGAUGAOGCCGAAAGGCCGA/ AAAGCCA 

353 GGGUCAA CUGAUGAOQCOGAAAGGCCGA ' AGUGAAA 

354 AGGGUCA CUGAUGAGGCCGAAAGGCCGAA AAGUGAA 

355 UAGGGUC CUGAUGAGC5CCGAAAGGCCGAA AAAGUGA 
362 AGAUGCU CUGAUGAGGCCGAAAGGCCGAA AGGGUCA 
368 GGCUUCA CUGAUGAGGCCGAAAGGCCGAA AUGCUUA 
404 GGAUGGU CUGAUGAGGCCGAAAGGCCGAA AUGUUCC 
410 ACACUOG CUGAUGAGGCCGAAAGGCCGAA AUGGUGA 
418 AGGUAUG CUGAUGAGGCCGAAAGGCCGAA ACACUUG 
422 AUUSACG CUQAUGAOOCCGAAAOGCCGAA AUGGACA 
426 AGAAAUU CUGAUGAGGCCGAAAGGCCGAA AGGUAUG 

430 CnAAAGA CUGAUGAGGCCGAAAGGCCGAA AUUGAGG 

431 CUGAAAG CUGAUGAGGCCGAAAGGCCGAA AAUUGAG 

432 GOXSAAA CUGAUGAGGCCGAAAGGCCGAA AAAUUGA 

434 GAGCUGA CUGAUGAGGCCGAAAGGCCGAA AGAAAUU 

435 AGAGOJG CUGAUGAGGCCGAAAGGCCGAA AAGAAAU 

436 AAGAGCU CUGAUGAGGCCGAAAGGCCGAA AAAGAAA 
441 GCACCAA CUGAtXSAOGCCGAAAGGCCGAA AGCUGAA 
443 CAGCACC CUGAUGAGGCCGAAAGGCCGAA AGAGCUG 
457 UGAGAAA CUGAUGAGGCCGAAAGGCCGAA ACCAGCC 

459 AGUGAGA CUGAUGAGGCCGAAAGGCCGAA AGACCAG 

460 AAGUGAG CUGAUGAGGCCGAAAGGCCGAA AAGACCA 

461 GAAGUGA CUGAUGAGGCCGAAAGGCCGAA AAAGACC 



W096/ir736 



172 



PCTAJS9S/1SS16 



463 




rCTSAIlSAfiGffiGJUlAfiQOrys&K 


AuAAAuA 


467 






ALjUuAIjA 


468 






AAlkivAiAu 


472 






»i^»/2lk ftp 


473 






AALAmAA 






f s If lAfWl^fyyw^E amfyyvv* » 


ACAIAAAj 


VOX 




VAAjtfUJUAjkA^JVAjAAAAM^A^ 


AACAOCU 








AUAACAC 






CUGAuGAU^TJUAAAuUCXXxAA 


ACAGCGU 


COO 


ACAuUGU 


^JGAXASAOGCOGAAAGGCOGaA 


AOCACAG 


cn 


CAACAuA 


CuwUjuIu93uuQAAAOGCuGAA 


ACAUUSU 


538 


UCAACAG 


CuSAIXIaOGCCGAAACGOOGAA 


AACAUUG 


539 


UUCAACA 


CUGADSAOGCCGAAAOGOCGAA 


AAACAUU 


543 


GCuCUUC 


CIXjAIXjAOGCCXjAAAOGCCGAA 


ACAGAAA 


562 


UAGAU3C 


CUSAUQAOGCOGAAAOGCCGAA 


AGUUUGU 


567 


OCCAGUA 


cugaogaogcogaaaggcogaa 


AUQCGAG 


569 


UUGCCAG 


CUQAtXjAOGCOGAAAGGCCGAA 


AGAUGCG 




GACAOCA 


CUGAUSAGGCCGAAAGGCCGAA 


AGUCAOC 


608 


GUOCCCA 


CUGAtlSAGGCCGAAAGGCCGAA 


ACAXXZAU 


o22 


GGOCaUa 


y^^^^ % m ^ _n__r-i._n_~ ~l l m 

CtXjAXXjAOGCOGAAAGGCCGAA 


AUUCAUG 




CGGGCCA 


CAXaAlXSAOGCCGAAAGGCCGAA 


AUAUUCA 


OJ3 


GUUCUUG 


CIXjAUGAOOCCGAAAGGCCGAA 


ACUCOGG 


CC1 


UAuCAAA 


CUGAuGAGGCCGAAAGGCCGAA 


AUSGUCC 




GAUAUCA 


CuGAIXjAOGCXGAAAGGCCXjAA 


AGAUOGU 


034 


lAaAUAUC 


CIXSAUGAOGOCGAAAGGOCGAA 


AAGAUOG 






ClKSAIKdAOGQOGAAAGGCCGAA 


AUCAAAG 


ODU 


UAUUAGU 


ClKaAlKaAOGGCGAAAGGCAjGAA 


AUAU2AA 


004 


AGGUUAU 


CAAaAUGAOCXjCGAAAGGCXAs^ 


AGUGAUA 


007 


GAGAGGU 


ClAaAlLXaAOGCCGAAAGGCCGAA 


AUUAGOG 


o72 


CAADOGA 


CUGAIXjAOGCQGAAAGGCCGAA 


AOGUUAU 


0/4 


CACaAUS 


CuGAIXjAGGCOGAAAGGOOGAA 


AGAGGOU 


07o 


G* AuCaC 


CUGAUGAOGCXXSAAAGGCCGAA 


AUGGAGA 


684 


GAGCCAG 


ClX;AtXjAGGCCGAAAGGCOGAA 


AUCACAA 


691 


GGOCGCA 


ox^augaogccgaaagoccgaa 


AGCCAOG 


701 


OJCGUCA 


OXSAUGAGGCCGAAAOGCXGAA 


AUGGOCG 


7X0 


ACACUOG 


CUGAXXjAOGCOGAAAGGCOGAA 


AUQUOCC 


"IOC 
/40 


UwlGAAC 


CUGAUGAOGCCGAAAGGCCGAA 


ACACACU 






CUGAUGAOGCCGAAAGGCCGAA 


ACAACAC 




UACUUCA 


CUGALKjAOGCCGAAAGGCOGAA ' 


AACAACA 


737 


UUUUUCA 


CUGAUGAGGCCGAAAGGCCGAA 


ACUUCAG 


751 


COCUUGA 


CUGAUGAGGCCGAAAGGCCGAA 


AGCGUCU 


752 


CXXSCUUG 


CUGAUGAOGCCGAAAGGCCGAA 


AAGGGOC 


753 


cccocuu 


CUGAUGAOGCCGAAAGGCCGAA 


AAAGCGU 


782 


GACXJGAU 


CUGAUGAGGCCGAAAGGCCGAA 


ACGUCAC 


783 


UGACUGA 


CUGAUGAOGCCGAAAGGCCGAA 


AACGUCA 


785 


UUUGAOJ 


CUGAUGAOGCCGAAAOQCCGAA 


AUAACGU 


789 


CAGCUUU 


CUGAUGAOGCCGAAAGGCCGAA 


ACIXMIA 


800 


UGUAGGG 


CUGAUGAGGCCGAAAGGCCGAA 


AGUCAOC 


801 


GUGUAGG 


CUGAUGAGGCCGAAAGGCCGAA 


AAGUCAG 
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805 CraOGOG CTGWXSAGCXrGAAAGGCOGAA MC3GAAG 

811 GAUMJAC aX3AUGW»XXUAAGC3CC^ AGGUGUA 

814 UCAGAUA CUGAUGA00CXS3AAAGGCX:GAA ACUAGGU 

816 AGOCAGA CUGAUGAGGOCX5AAAGGCXX3AA AUACUAG 

818 AAAGOCA CUGAUGAGGCXXSAAAOGCCQAA AOAUACU 

824 AAUUUCA CUGAW5AOGCCX5AAAGGOCGAA AGUCAGA 

825 GAAUOUC C0GAUGAO0CXX5AAAGGCCX»A AAGOCAG 

831 AAGUOQG OIGAWGAOQCCXSAAAOGCCGAA AOUUCAA 

832 GAAGUUS OXaVlXSAOGCCGAAAOGCCGAA AADUUCA 

838 AUADUAG CUGAUGAOGCCGAAAGGCCXSAA AGOOGGA 

839 AAUAODA CUGAUGAGGCCGAAAGGCCGAA AAGUUGG 
841 CUAAiaa CW3ADGA0GCCGAAAGGCCGAA AGAAGOU 
844 COWCUAA OTSAOSAOGCOGAAAGGCCXSAA AOUAGAA 

846 UCCUUCU CUGAUGAGGCCGAAAGGCCGAA AUAUUAG 

847 AUCCUIX: CUGAUGAGGCOSAAAGGCCGAA AAUAUUA 
855 AGCAAAU CUGAUGAQGCCGAAAGGCXXyVA AUCCUUC 

858 UUGAGCA CUGAUGAOGCCGAAAGGCCGAA AUUAUCC 

859 GUUGAGC CUGAUGAGGCXX3AAAGGCCGAA AAUUAUC 
863 AGAGGUU CUGAUGAGGCCGAAAGGCXXSAA AGCAAAU 
869 ACCUCCA CUGAUGAOGCCGAAAGGCCGAA AGGOUGA 
877 UCUOGAA CUGAUSAGOCCGAAAGGCCGAA ACCUCCA 
^'^^ CUCUGGA CUGAUGAOGCCGAAAGGCCGAA AACCUOC 

879 GCUCUGG CUGAUGAGGCCGAAAGGCCGAA AAACCUC 

880 GGCUCUG CUGAUGAGGCCGAAAGGCCGAA AAAACCU 
889 GAGAGGU CUGAUSAGOCCGAAAGGCCGAA AGGCUCU 
894 ACCAGGA CUGAUGAGGCCGAAAGGCCGAA AGGUGAG 
896 CAACCAG CUGAUGAGGCCGAAAGGCCGAA AGAGGUG 
902 AUUUUCC CUGAUGAOGCCGAAAGGCCGAA ACCAGGA 

920 GGCAUUU CUGAUGAOGCCGAAAGGCCGAA AUUCUUC 

921 UGGCAUU CUGAUGAOGCCGAAAGGCCGAA AADUCUU 
930 UU3W3UU CUGAUGAOGCCGAAAGGCCGAA AOGGCAU 

942 CUUGGGA CUGAUGAOGCCGAAAGGCCGAA ACUGUUG 

943 OCUUOGG CUGAUGAGGCCGAAAGGCCGAA AACUGUU 

944 AUCUUGG CUGAUGAOGCCGAAAGGCCGAA AAACUGU 
952 GUUUCAG CUGAUGAOGCCGAAAGGCCGAA AUCUUGG 
966 CAGCAUA CUGAUSAOGOCGAAAGGCCGAA AGCUCAO 
968 AACAGCA CUGAUGAOGCCGAAAGGCCGAA AGAGCUC 
5*^5 OSCUGCU CUGAUGAOGCCGAAAGGCCGAA ACAGCAD 
976 UUGCUGC CUGAUGAOGCCGAAAGGCCGAA AACAGCA 

991 AUAUU3A CU3AUGA0GCCGAAAGGCCGAA AUCCAGU 

992 CAUAUU3 CUGAUGAOGCOGAAAOQCOGAA AAUCCAG 

993 UCAUAUU CUGAUGAOGCCGAAAGGCCGAA AAAUCCA 
997 GUUGUCA CUGAUGAOGCCGAAAGGCCGAA AUUGAAA 

1016 ACACAUS CUGAUGAOGCCGAAAGGCCGAA AGCUGUG 

1017 GACACAU CUGAU3A0GCCGAAAGGCCGAA AAGCUGU 
1024 UUGkVGk CUGAUGAOOCOGAAAOGCCGAA ACACAUG 
1026 ACUUGAU CUGAUGAOGCCGAAAGGCCGAA AGACACA 
^°29 CAUACUU CUGAUGAOGCCGAAAOGCCGAA AUGAGAC 
1034 AUGUCCA CUGAUGAOGCCGAAAOGCCGAA ACUUGAU 
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ACOCOOA CDGAllGAaSCOGAAAGGOCGAA AUGUCCA 

^0^3 CAOICUU C0GAUGAa3CCGAAAGGCX:GAA AAUGUCC 

10^^ OCACUCU C0GAUGA0GCCGAAAGGCXX3AA AAAUGOC 

1054 AAOGTOJ aX3AUGA)tXXXX»AAGG0CGAA AUOCACU 

1061 OCACOre CUGAaaUXXXXJUUGQCTGAA AGGUCOG 

1062 DCCAGOU OTGAUGAGOCCGWVAGGOOGAA AAGGUCU 
1072 UIX»3UU3 CUGAOaWXXXXSWUVGGCCGAA AUUCCAG 

1090 UCAGGAA OKMXSAOCXXXSAAAOCXXXSAA AUGCOCU 

1091 AjDCAOCSA OXSAIXMGCCGAAAGOCOQAA AAUGCUC 

1092 UAIK»OG COSADGAOOCCGAAAGOOCGAA AAAOOCO 

1093 OOAOCAG aX»tKatfXXXMUUU»3CGAA AAAAUGC 
1^099 AGCAGGU CXKSAUGAGGCCX5AAAGGCCGAA AUCAGGA 
1107 AOGATOG CU3AIK3AOGCCGAAAGGCCX3AA AGCAGGU 
1112 OOCCCAG CUSAUGAGGCCGAAAGGOCGAA ADGGGAG 

1122 UUAAOGU OXSAUGAGGCXXSAAAGQCOGAA AOQQCCC 

1123 AUUAAOG COGADGMGCXXAAAGGCXX^A AAUGGCC 

1127 USAGAUCJ OXSAUGAOGCCGAAAGGCCGAA AGGUAAU 

1128 CUGAGAU CUGAtXSAGGCCGAAAGGOCGAA AAGGOAA 
1131 UUACUSA CUGAUGAGGCCGAAAGGCCX3AA AUUAAGG 
1133 AUUUACU aK3AUGAOGCCX5AAAGGCXX»A AGAUUAA 
1137 UOCCA.OU CTOAIX3A0GCCGAAAQGCXXUVA ACOGAGA 
1146 OCACAAA CUGAUGAGGCCGAAAOGCCGAA AUUCCAU 
1X47 AUCACAA CUGAlK3AOCXXXywUUX3CCGAA AAUUCCA 

1148 UAUCACA aXSAOGAOOCOSAAAOGCCXSAA AAAOUCC 

1149 AUAUCAC CWaOXSAGGCCGAAAOGCCGAA AAAAUUC 
1155 GGCAGCA CUGAUGAGGCCGAAAGGCXrCAA AUCACAA 
1169 AAAGCAG CUGAUGAGGCCGAAAGGCCGAA AGGUCAG 

1175 UGGGOCA CUGAUGAGGCCGAAAGGCCGAA AGCAGUA 

1176 UUSGGGC CUGAUGAGGCCGAAAGGCCGAA AAGCAGU 
1214 CCUUOX: OXSAUGAGGCCGAAAGGCCGAA AUCUCUC 
1230 CAGGGCG CUGAUGAGGCCGAAAGGCCGAA ACACUUU 
1239 ACUGUUA CUGAUGAGGCCGAAAGGCCGAA ACAGGGC 
1241 ACACUGU CUGAUGAGGCCGAAAGGCCGAA AUACAGG 
1249 UUCUGCG OXSAtXSAGGCCGAAAGGCCGAA ACACUGU 
1275 ACCUUCA CUGAW5AGGCCGAAA0GCCGAA AUCUUUU 
1283 COGAOOC CUGAUGAGGCCGAAAGGCCGAA ACCUUCA 
1288 GAXK»OG CUGAUGAGGCCGAAAGGCCGAA AGGCUAC 
1292 aagagm; OXSAUGAGGCCGAAAGGCCGAA AOGGAGG 
1295 CAGAAGA CUGAOSAGGCCGAAAGGCCGAA AUGACOG 
1297 CCCAGAA CUGAUGAGGCCGAAAGGCCGAA AGAUGAC 

1299 AUCCCAC CUSAUQAGGCCGAAAOGCCGAA AGAGAUG 

1300 UAUCCCA CUGAUGAGGCCGAAAGGCCGAA AAGAGAU 
1307 AUCCAUS CUGAUGAGGCCGAAAGGCCGAA AUCCCAG 
1315 UCCCCAC CUGAUGAGGCCGAAAGGCCGAA AUCCAUG 
1324 GCCUCAU CUGAUGAGGCCGAAAGGCCGAA AUCCCCA 

1334 AOGGAAG CUGAUGAGGCCGAAAGGCCGAA AUGCCUC 

1335 AAGGGAA CUGAUGAGGCCGAAAGGCCGAA AAUGCCU 

1337 UUAAGOG CUGAUGAGGCCGAAAGGCCGAA AGAAUGC 

1338 GUUAAGG CUGAUGAGGCCGAAAGGCCGAA AAGAAUG 
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1342 AOOOSUU OKSAOSAOGCCGAAACSGCC^ AGOGAAG 

1343 AAUUUSU CUGMIQA0GCCC5AAAGGCCGAA AAOGGAA 

1350 CAOCUUA CWMXMCXXMAAAGCXrGAA AUUUGUU 

1351 ACAGCUU OXMXSAOCXXKAAAOOCCGAA AAUUUGU 

1352 AACAGCU CWa«yuW»3UVAGC3^^ AAAOUOG 

1359 U0C3GUAA CUC3AUCa«3C3CCGAAAGGCXXSAA ACAGCUO 

1360 GUQGC3UA CUGMJSAGGCOSAAAGGCXGAA AACAGCU 

1361 AOT3GGU CW3AUGAGC5CCX3AAAGGOCGAA AAACAOC 

1362 UAGUGCX; OJGAUCSACXXXXSAAAOGCCXSAA AAAACAG 
1369 GGUtSAGG OJGAIWAGGCCXSAAAGCXrGAA AGUGGGU 
1373 AGAAGOT CUGAUC5AGGCCGAAAGGCCGAA AGGUAGU 
1378 UOUUAAG COGADGAGQCCGAAAGGCCGAA AGGUGAG 

UUUUUAA CUGAUGAOGCCGAAAGGCCGAA AAGGUGA 
^^^^^'^^ CUGAUGAGGCCGAAAGGCCGAA AGAAGGU 
AGGUUUU CUGAUGAGGCCGAAAGGCCGAA AAGAAGG 
^X^JGPJiA CUGAUGAGGCCGAAAGGCCGAA AGGUUUU 
AAUCUGA CUGAUGAGGCCGAAAGGCCGAA AGAGGUU 
UAAUCUG CUGAUGAGGCCGAAAGGCCGAA AAGAGGU 
1394 UUAAUCU CUGAUGAOGCCGAAAGGCCGAA AAAGAGG 

1^9^ UCAGCUU CUGAUGAGGCCGAAAGGCCGAA AUCUGAA 

UUCAGCU CUGAUGAGGCCGAAAGGCCGAA AAUCUGA 
AUCUUGU CUGAUGAGGCCGAAAGGCCGAA ACUGUUC 
CAUCUUG CUGAUGAGGCCGAAAGGCCGAA AACUGUU 
GGAGAGG CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 
GAAAGGA CUGAUGAGGCCGAAAGGCCGAA AGGGAUG 
GAGAAAG CUGAUGAGGCCGAAAGGCCGAA AGAGGGA 
AArto GGGGAGA CUGAUGAGGCCGAAAGGCCGAA AGGAGAC 

1439 UGGGGAG CUGAUGAGGCCGAAAGGCCGAA AAGGAGA 

1440 AUGGGGA CUGAUGAGGCCGAAAGGCCGAA AAAGGAG 
i442 AUAUGGG CUGAUGAGGCCGAAAGGCCGAA AGAAAGG 

AAUUGCA CUGAUGAGGCCGAAAGGCCGAA AUGGGGA 
"™AGCA CUGAUGAGGCCGAAAGGCCGAA AUUGCAU 
AUUAAGC CUGAUGAGGCCGAAAGGCCGAA AAUUGCA 
UUACAUU CUGAUGAGGCCGAAAGGCCGAA AGCAAAU 
GUUACAU CUGAUGAGGCCGAAAGGCCGAA AAGCAAA 
AAGAGGU CUGAUGAGGCCGAAAGGCCGAA ACAUUAA 
AAAAGAA OXSAOGAOGCCGAAAGGCCGAA AGGUUAC 
^^^CAAAAG CUGAUGAOGCCGAAAGGCCGAA AGAGGUU 
<3GCAAAA CUGAUGAOGCCGAAAGGCCGAA AAGAGGU 
AUGGCAA CUGAUGAGGCCGAAAGGCCGAA AGAAGAG 
CAUGGCA CUGAUGAGGCCGAAAGGCCGAA AAGAAGA 
ACAUGGC CUGAUGAGGCCGAAAGGCCGAA AAAGAAG 
GAAUGGA CUGAUGAGGCCGAAAGGCCGAA ACAUGGC 
AGAAUGG CUGAUGAGGCCGAAAGGCCGAA AACAUGG 
CAGAAUG CUGAUGAOGCCGAAAGGCCGAA AAACAUG 
AUGGCAG CUGAUGAGGCCGAAAGGCCGAA AOGGAAA 
GAUOGCA CUGAUGAOGCCGAAAGGCCGAA AAUOGAA 
AAUUCAA CUGAUGAGGCCGAAAGGCCGAA AUGGCAG 
ACAAUUC CUGAUGAGGCCGAAAGGCCGAA AGAUGGC 



1379 
1381 
1382 
1390 
1392 
1393 



1399 
1400 
1412 
1413 
1429 
1433 
1435 
1438 



1448 
1455 
1456 
1460 
1461 
1466 
1471 
1473 
1474 
1476 
1477 
1478 
1486 
1487 
1488 
1492 
1493 
1500 
1502 
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1507 ACAAGAC aX»UC5AOGCCGaUVAGGCCC5AA ADOCAAG 

1510 CUGACAA COGAtlGAGCXXXWUUSaXXSA^ AC3UVU0C 

1512 OGCUGAC OJGAUSAOGOOGAAAOGOCGAA AGACAW 

1515 AOOaSCU aX3AtX3AOOCCXyUAGGCCC5AA ACAAGAC 

1523 GAUAATO CUGAUSAOtXXXWUyXCTGAA AUOGGCU 

1524 AGAUAAU CUQAUGAOGCCGAAAOC3CX3GAA AAUUGGC 

1527 AAUAGAU CUGMJSAGOCXX^AAGGOCGAA AUQAAUU 

1528 UAADAGA OIGADGAOGCCGAAAOGCXXSAA AAZXSAAU 
1530 OOUAAUA OXSAWSAGGCCGAAAOOXGAA AOAAUGA 
1532 tXSUUOAA OICSAUGAOGCXGAAAQGCCGAA AGAUAAU 

1534 AGOSUUU CUSAUGAOGCXXSAAAGGOCGAA AUAGAUA 

1535 UAGUGUU CXX;AUSAa30CX;AAAOC9CXX2AA AAUAGAU 
1542 OXaU^ CUGWK3AQGCXXaUUU3GCX3GAA AGOGUOU 
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Table BIV: Mouse 87-1 Hammerhead Ribo^e Target Sequences 



nt 
Position 

8 

10 
10 
14 
18 
18 
18 
23 
25 
26 
29 
29 
29 
29 
34 
34 
34 
40 
41 
41 
42 
56 
56 
62 
62 
62 
63 
73 
77 
78 
83 
93 
93 
93 
96 
96 
101 
104 
104 
106 
107 
107 



HH Target Sequence 



GaGUuUU a UACclkA 
guUuxiAU A OCUCAAU 
GUaUUaU a ccuCAAU 
uAUacCU c aAUAGAC 
CCUCAAU A gaCUCUU 
OCUCaaU a gaCUCUU 
CcUcAAU a GaCUcuU 
AuaGaCU c uUACuaG 
AGACuCU U aCuAGuu 
GACuCUU a CuAGuuu 
UCUUACU a GuuUCuc 
UcUUACU a gUuuCuC 
UCOUaCU a guUUCUc 
OCuuaCU a gUUUCUC 
CUaGUuU c UCUuuuU 
CUAGlAiU c UCUuuuU 
cUAgUUU c uCuUuUU 
ucuCUaU U UCAGgUU 
cUCUuUU u caGGuUg 
cuCUuUU U CAGgUUg 
uCUuDUU C AGgUUgu 
WSAAACU c AAcCXiuC 
UGAAAcU C aAcCUUC 
uCAACXru U caaAGAC 
UCaAcCU U CaAAgAc 
UCAACCU u caaAGac 
CAAOCUU c aaAGACa 
aGAcAcU c UGuCJCcA 
acUCUgU u cCAuUOC 
CucWGUU c CauUUCU 
UticCAuU U CUGUggA 
GUggAcU A AuAGgAu 
gOgGacU a AUAGgaU 
gtX^cU a AuAGGAU 
GAcuAAU a OGAUcaU 
gacuAAU a gGAuCaU 
AUaGGAU c aUCuUUA 
CGAuCAU C uuuAgCa 
CjGAuCAU C UUUagcA 
AuCAUCU U UagcAUC 
UcAuCuU u AGCAUCU 
uCaUCUU u AgcAuCU 



nt 
Position 

108 

108 

131 

142 

142 

143 

143 

143 

143 

144 

144 

144 

147 

153 

165 

165 

165 

166. 

167 

167 

167 

168 

168 

197 

202 

208 

216 

217 

217 

217 

218 

218 

218 

218 

224 

224 

230 

232 

232 

232 

241 

241 



HH Target Sequence 



CaUcUUU a 
CAUcUUU a 
aUOCCAU C 
gCUUCUU U 
gcoucuu u 

CUUCUUU u 
CuUcUuU u 
CUUCUUU u 
CUUCUUU u 
UuCUUuU u 
UuCuuuU u 
UUCuuUU u 
uUUUuCU a 
uAcAuCU C 
uCUCgAU U 
uCUcgAU u 
ucucgAU U 
CUCgAUU U 
uCgAUUU u 
ucGauUU 0 
UCgAUUU u 
cGAUUuU u 
cgAUUUU U 
GCUccAU u 
aUUGGCU c 
UCuAgAD U 
CCUGGCU u 
CUOGCOU U 

cu^<x^lU u 

CUOGCuU u 
UGGcuUU c 
UGGCUUU C 
UGgCuUU c 
ugGcUUU c 
UCcCCAU c 
UccCXZAU c 
UCAugOU C 
AuGUUcU C 

AOtSuUcU c 

AugUUCU c 
AAAGcAU c 
aAAGCAU C 



GCAuCUG 
gcaUCUG 
caGgcUU 
uUCuaCA 
U0<:UaCa 
UCUaCAU 
uCuAcAU 
uCuAcaU 
UCUAcau 
cUaCAuC 
cUAcAUC 
cuaCAUC 
cAuCUCU 
ugUUUCU 
UuUgUgA 
UuuGUgA 
UUUGUGA 
uUgUgAG 
UGUGaGc 
CX;UgAgC 
UgUgAGC 
gUgAGCC 
GUGAgcc 
GgCUcUA 
UagaUUc 
ccUGGCU 
UcCcCau 
CcCcaUc 
CccCAUC 
CCcCauC 
ccCaUCA 
cCcaUca 
cCcaUCA 
CCCAucA 
aUGuUCu 
aUCSuucU 
UccAAAg 
CAaAGCa 
caaAGCA 

cAAAgCa 
UgAAGcu 
UGAAGCu 
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241 
249 

264 

287 

295 

295 

296 

297 

297 

314 

314 

315 

315 

317 

318 

318 

320 

320 

322 

322 

323 

336 

341 

341 

342 

343 

343 

352 

355 

382 

408 

414 

414 

421 

426 

439 

452 

454 

484 

484 

488 

503 

503 

520 

535 

536 

538 

553 

553 



AAAgcAU C 
UGAAgcU A 
GAAuU^ c 
CAcCaCU c 
CUCaAgU u 
cuCAaGU U 
uCAAgUU u 
CAAGUUU C 
CAaCuuU c 
GGCUcaU u 
GgcuCAU U 
GcuCAUU c 
gcuCAUU C 
uCAUUCU U 
CAUUCUU C 
CAUiiCuU C 
UUCWJCO c 
UOCuuCU C 
CuuCUOT U 
COucuCU u 
UUcuCUU u 
gcUGAUU c 
uUOGuCU u 
UOCgucU u 
UcGUCUU U 
cgucUuU C 
cGuCuUU c 
caAGUGU C 
gUgUcUU C 
UCcaAGU c 

gcuGCcU u 

UUGccgU U 
UUgOCga u 
CJaCAAcU c 
CUCuCCU c 
GatXSAgU c 
acOGaAU C 
CGaAlXX; A 
GuGCO&U c 
GugCCX^U c 
ugUcUGU C 
gGAAacU A 
ggAAAcU a 
CCOC3AGU A 
cGGAcUU V 
GGAcUUU a 
AcUuUAU a 
acuACXrU a 
AcUaCcU a 



UGAAGcU 
UOGOiuG 
AGuUSaU 
CUcaagU 
UCcaUSU 
UCCAUgu 
CcAUgUc 
CAU^uCc 
cAWSuCC 
cUUCUCu 
CUUCuCU 
UUCUcuU 

ucx^laKJ 

CuCUUug 
uCUUugu 
tX^iUUgu 
imCJGuGC 
UUuGUGC 
uGUGOJG 
UgUGCUG 
gOGcugC 
GUCuOUc 
UCacAAG 
UcAcAAG 
CaCAagU 
AcAAGUG 
AcaAGUG 
uuCAGAu 
AGaUGUU 
AgUGaAA 
GCCg\JuA 
aCAACUc 
ACAAcUc 
uCcUcAU 
aU^AAgA 
UGAaGaC 
UACUGGC 
CUGGCAA 
UQucaUU 
UguCAuU 
AUUGCUg 
aAAGuGu 
AAagUGU 
uAAGAAC 
aUaUGAc 
UaUGAcA 
OGACaac 
cUCUcUU 
cUCUcUU 



556 

556 

560 

561 

561 

561 

566 

566 

581 

583 

583 

598 

608 

611 

611 

612 

641 

649 

649 

655 

656 

659 

664 

667 

671 

682 

682 

682 

683 

683 

685 

685 

687 

698 

698 

718 

718 

729 

729 

729 

737 

737 

737 

745 

745 

759 

759 

759 

760 



ACCuACU c 
AcCuAcU c 
AcOcUCU U 
CUCUCUU a 
cuCUcuU a 
CUCUCUU a 
UUaUcAU C 
uUauCAU C 
UGGuCcU U 

guccuuu c 

GuCcUUU c 
GGCACAU A 
gcOGUGU c 
GUGUcgU u 
GOSUcGU U 
UGUoGUU C 
aUGaAGU u 
AAAcacU U 
AaaCAcU U 
UUggcuU u 
UGgcUUU a 
CuUuaGU A 
GUaAaGU U 
AaGUUgU C 
UgUCcaU C 
gCUgAcU u 
GCUGACU U 
GOJGacU U 
CUGACUU C 
CUGACUU c 
gACUuCU c 
gaCUucU c 
CUUCuCU A 
ccAACAU a 
CCaacAU A 
AAcCCaU C 
aaCCCAD c 
AGACacU A 
agAcAcU A 
agACAcU a 
aAAGGAU u 
aAAGgAU U 
aaagGAO u 
aCCUGcU u 
accUGcU u 
cGggGgU U 
cGgOGGU u 
cGGgOGO U 
GggGgUU u 



uCUUAuC 
ucUUAUC 
aUCAuCC 
UcAuCCU 
UCAUOCU 
l?CatiCCu 
CUGGgcC 
CUOGQCC 
UcAGAcc 
AgaCcGG 
AGAccGg 
CagcUGU 
GUDCaaA 
CAaaaGA 
CaaAAGa 
aaAAGaA 
aaACaCU 
OGCUUUa 
gGCUUOA 
AGUAAAg 
GUAAAgu 
AAGUugu 
gUCcaUC 
caUCAAA 
AAAGCUG 
CUCUACC 
CUCUACc 
cuCuACc 
uCUACcC 

UCUACCC 

UaCCCCc 
UACCCcC 
CcCCcAa 
ACUGagu' 
ACuGaGU 
UScAgAc 
USCAgac 
AaAgGAu 
aAAGGAU 
AaAgGAU 
AccUGCU 
AccUGCu 
ACCUGCU 
USCuuCc 
USCUuCC 
uCCCAAA 
UcCcAaa 
UcCCAaA 
CCCAAAG 
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760 
760 
761 
771 
771 
776 
776 
778 
784 
803 
803 
803 
812 
812 
816 
816 
824 
825 
826 
634 
841 
841 
850 
869 
669 
869 
873 
873 
874 
875 
885 
899 
899 
906 
906 
908 
911 
916 
916 
943 
944 
1001 
1034 
1037 
1043 
1046 
1049 
1060 
1060 
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OGgOGUU 
GgOGUUU 
aAAgccCJ 

cucgcuu 
CUCgcuU 
CgCuOCU 
UCuUGGU 
GAGaaW 
gAGAAUU 
gagAaUU 
cUSgCAU 

caUCAAU 

CgACAaU 
gACAaUU 
ACAaUUU 
CCAgGAU 
CcUSaaCJ 
cCUGAaU 
gAAuOGU 



gccAaCU 
GCCAaCU 
GCCAAcU 
acUaGAU 
ACOaGAU 
CUaGAUU 
UaGAUUU 
UAcgACU 
ACACCaU 
ACAcCaU 
UaaGUGU 

GOCOCAU 
AUuAaaU 
AUuAAaU 
gAGgaCU 

AGgaCUU 
UGCUcUU 
CAGucGU 
UcGUCgU 

uCADCgU 

ucgOOGU 
uUguCaU 
aAAUGcU 
AAaUgCU 



cCCAaag 
cCCAaAG 
c CCAaAOC 
C GCUUOJC 
C gCulJCOC 
C UcUUgyu 
C IJCaUOGU 
C utXSGUUS 
U OSAAAAU 
A CCugGcA 
A ccUGgCA 
a CCOQgcA 
C AAuAC^ 
c aAuaCgpA 
A cGACAAu 
a cgACAaU 
U UCCCAgG 
U CXXZAgGA 
C CXAgGAU 
C CUGAAuC 
C ugAAUUG 
c WSAAuUg 
A CaCCaOu 

^ gAuucx:A 

i GAuUUca 
a gaUuUCa 
u UCAaUAc 
U UCAAUAc 
U CAAUAcG 
C AAUAcGA 
c gcAACCa 
u aAgOgOC 
u AaGUCSUC 
c UcaUuAA 
C UCAUuAA 
C AUuAAaU 
u AAaUAOG 
a tX3GaGAu 
A IXSGAgAU 
U CAcCUGG 
C AcCUOGg 
^ C3ggGCAg 
c gOCauCG 
C AuCguUG 

U GucAUCA 

c AuCAUCA 

c AuCAAAU 
U CUGUaag 
u cUgUaAG 



1060 

1060 

1061 

1080 

1080 

1081 

1121 

1121 

1121 

U22 

1126 

1127 

1127 

1144 

1144 

1145 

1160 

1162 

1163 

1167 

1177 

1181 

1181 

1192 

1199 

1201 

1210 

1210 

1223 

1225 

1225 

1226 

1227 

1227 

1227 

1229 

1230 

1252 

1274 

1310 

1312 

1314 

1316 

1320 

1320 

1339 

1355 

1437 

1437 



PCT/US95/1SS16 

aAAO^cU u cVX3UaAG 
^'^AAugCO u cUgUaAG 
AAUScUU C UGUaagc 
AagcugU u UCAGAAG ' 
^^AGCUOT U UcAgaag 
^^9^^^*G0U u CAgaAga 
acAGcCU U ACCuUcg 
AcAgCXrU u .aCCuUcG 
ACagCCU u ACCUOCg 
CaGcCuU a cCUUC^ 
CDUACCU u CgGgccU 
UUaCcUU c ggGcCUG 
UuACcOU c GggCCUg 
<^^^9CW V AgCOWA 
gaAGcaU u AGCUGAA 
«McAOT a GCOgAAC 
^^GAcCgU c UUCCUuu 
AcCgCICU u CcOUuaG 
ccGUCUU c CUUuaGU 
cUUCcOU u AGuOCOU 
uUCTOCU c UguCCAU 
UCuCugU C CAuGUGg 
ucCXiWU c CAuGUGg 
gUOGGAU A CAUGGua 
aCaOGGU a UUAugUG 
AuGgUaU u aUGUGGc 
ugUGGcU C aUGaGGu 
UGuGGcU C AUGAGGU 
GUacAAU c UUUCOUii 
ACAAUcU U UCUuUca 
ACAAuCU u uCuUucA 
caAuCUU u cUuUCAG 
aAucUUU c uUUCAGC 
AAucuuU C UUUCAGc 
AAuCUuU c uUUcaGC 
ucUUUCU U UCAGCaC 
cUUUCUU U CAGCaCc 
cUgAUCU u UcggACA 
acaAGAU a gAGuUaA 
"GAgGaU u uCuUuCc 
AGgAUUU c UuUcCAu 
gAUUUcU u UcCAuCA 
UUUcUuU c CAuCAgG 
^cCaU C AGgAAGC 
UWCcaU c aggaAGC 
^^^CfiAcfiJ u UgCUGGG 
CtAiUgAU i: GCUUgAU 
gUGguaU A aGAAAAA 
gUggUAU a .^GAAaaA 
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180 


1475 


gOCUAGU 


c 


UUaOISc 


1477 


CUaGOCU 


U 


ACXJgcaa 


1487 


ugCAaCU 


u 


gAUaUGU 


1491 


AcuUGAU 


a 


UGUCAU^ 


1491 


aCUUgaU 


a 


UGuCADQ 


1505 


gUCJUGgU 


U 


ggUGCJcu 


1530 


uCXTcUU 


u 


vCOgkkg 


1531 


GCccUUU 


u 


CUGAagA 


1532 


CcOiUuU 


C 


UGAAGAg 


1532 


CcCuuuU 


C 


UGAaGAG 


1644 


CUaUOGU 


u 


gggAUGU 


1652 


ggGAuGU 


a 


AaAAcGG 


1652 


GgGAugU 


a 


aAaAcGG 


1670 


aUaAUAU 


a 


AaQAuUA 


1674 


uAuAAAU 


a 


UuAaaUa 


1676 


UaAaUAU 


u 


aAatlAAA 


1677 


AAauAjPU 


a 


AAuaAAA 


1677 


AaaUAtXJ 


A 


AAuAaaA 


1694 


ASagUaU 


u 


gAGcAAA 
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Table BV: Mouse BT-l Hammerhead Riboq^e Sequences 



HHBjbo2gnEiie Sequences 

Position 

8 UGAOGUA CUGAIIGAOOCCGAAAQGCXXAA AAAACUC 

10 AUOGAGG OXaVUSAGGCCGAAAGGCXXSAA AUAAAAC 

10 AUIXSJVGG ClKSADGAOtXaSAAAOXXIGAA AUAAAAC 

14 GUCUAIK; CUGMXSAOCXXXaUUGGOCGAA AGGUAUA 

18 AASAGOC OXSADGAQGCOGAAAGGCOGAA AUUGAGG 

18 AAGAGUC CUGADGM(Xa»AAGC3CXXyuV AUUGAOG 

18 AAfiAGlX: CUGAIXSAOGCX^GAAAGGCCGAA AUUGAOG 

23 aiAGUAA COGAlXSAOCXXXyVAACSGCCGAA AGUCUAU 

25 AAOJAGU OXSAO^OGCOGAAAGGCXXaA AGAGUCU 

26 AAACUAG OXSAUSAOGCOCyUiAGGCXGAA AAGAGUC 
29 GAGAAAC CUGAUQAQGCCGAAAGGCCGAA AGUAAGA 
29 GAGAAAC COGAtXSAGGCCGAAAGGCCGAA AGUAAGA 
29 GAGAAAC CUGAUGAOGCCGAAAGGCCGAA AGUAAGA 
29 GAGAAAC CUGAUGAOGCCGAAAGGCCGAA AGUAAGA 
34 AAAAAGA CUGAUGAOGCCGAAAGGCCGAA AAACUAG 
34 AAAAAGA OK^OSAGGCCGAAAGGCCGAA AAACUAG 
34 AAAAAGA CUGAUGAOGCCGAAAGGCCGAA AAACUAG 

40 AACCUGA CUGAUGAGGCCGAAAGGCCGAA AAAGAGA 

41 CAACCOG CUGAUGAGGCCGAAAGGCCGAA AAAAGAG 

41 CAACCUG CUGAUGAOGCCGAAAGGCCGAA AAAAGAG 

42 ACAACCU CUGAUGAGGCCGAAAGGCCGAA AAAAAGA 
56 GAAGGUU CUGAUGAGGCCGAAAGGCCGAA AGUUUCA 
5^ GAAGGUU OXSAUGAOGCCGAAAGGCCGAA AGUUUCA 
^2 GUCUUUG CUGAUGAOGCCGAAAGGCCGAA AGGUUGA 
52 GUCUUUG CUGAUGAGGCCGAAAGGCCGAA AGGUUGA 

62 GUCUU UG CUGAW3A0GCCGAAAGGCCGAA AGGUOGA 

63 IX30CUUU CUQADGAGGCCGAAAQOCCGAA AAOGUUG 
73 TOGAACA CUGAUGAGGCCGAAAGGCCGAA AGUGUCU 

77 GAAAOGG CUGAUGAGGCCGAAAGGCCGAA ACAGAGU 

78 AQAAAU3 CUGAUGAOGCCGAAAGGCCGAA AACAGAG 
83 UCCACAG CUGAUGAGGCCGAAAGGCCGAA AAUGGAA 
93 AUCCUAU CUGAUGWX5CCGAAAGGCCGAA AGUCCAC 
93 AUCCUAU CUGAUGAOGCCGAAAGGCCGAA AGUCCAC 
93 AUCCUAU CUGAUGAOGCCGAAAGGCCGAA AGUCCAC * 
96 AUGAUCC CUGAUGAOGCCGAAAGGCCGAA AUUAGUC 
96 AUGAUCC CUGAUGAOGCCGAAAGGCCGAA AUUAGUC 

101 UAAAGAU COGAUQAQGCCX3AAAGGCXX5AA AUCCUAD 

104 UGCUAAA CUGAUGAOGCCGAAAGGCCGAA AUGAUCC 

104 UGCUAAA CUGAUGAOGCCGAAAGGCCGAA AUGAUCC 

106 GAUGCUA CUGAUGAGGCCGAAAGGCCGAA AGAUGAL' 
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107 AGAUGCU CUGAtJGAOGCCGAAAGOOOGAA 

107 AGAUGCU OXSAUGAGCXXXSAAAQGCCQAA AAGAUGA 

108 CAGAUOC CUGAUGAGGCCGAAAOGCCGAA AAAGAUG 
108 CAGAUGC CIX^AUCWSGCCGAAAOGOOGAA AAAGAUG 
131 AAGOCUS CUGAUGAOGCXX^AAAGGOCGAA AUGGCAU 
142 UGUAGAA CUGAUGAOCXXXSAAAGGCCGAA AAGAAOC 

142 UGUAGAA CUC^AUGAOGCCGAAAGGCCGAA AAGAAOC 

143 AUGU3VGA OXSJUXSAOGCCGAAAOCXXXSAA AAAGAA6 
143 AUGUAGA CUGAIX3AOGCOGAAAOGO0GAA AAAGAAG 
143 AtKSUAGA CUGAUGAGGCXXUUU^GGOCXSAA AAAGAAG 

143 AUGUAGA CUGAUGAOGCOGAAAGGOOGAA AAAGAAG 

144 GAOSOAG CIX^AOQAGGCXSAAAGGCCXSAA AAAAGAA 
144 GAUGUAG COGAUGAGGCOGAAAGGOOQAA AAAAGAA 
144 GAXVSOAG CIXSADGAGGCOGAAAGG006AA AAAAGAA 
147 AGAGAIX; CUGAUQAOGCOGAAAGGCXXIAA AGAAAAA 
153 AGAAACA OJGAUGAGGCCGAAAGGCCGAA AGAUGUA 
165 UCACAAA OXSAUGAGGCCGAAAGGCCGAA AUCGAGA 
165 UCACAAA CUGATCAGGCCGAAAOGCCGAA AOCGAGA 

165 UCACAAA CUGAUGAOGCCGAAAGGCCGAA ADCX^AGA 

166 CUCACAA CUGAUGAGGCCGAAAOGCXJGAA AAUCGAG 

167 GCUCACA CUGAUGAGGCCGAAAGGCCGAA AAAUCX^ 
167 GCUCACA CUGAUGAGGCCGAAAOGCCGAA AAAUCGA 

167 GCUCACA CUGAUGAGGCCGAAAGGCCGAA AAAUCGA 

168 GGCUCAC CUGAUGAGGCCGAAAGGCCGAA AAAAtXUG 
168 GGCUCAC CUGAUGAGGCCGAAAGGCCGAA AAAAUCG 
197 UAGAGCC CUGAUGAGGCCGAAAGGOOGAA AUGGAGC 
202 GAAUCUA CUGAUr MCCGAAAGGCCGAA AGCCAAU 
208 AGCCAGG CUGAU. JQGCCGAAAGGCCGAA AUCUAGA 

216 AUGGGGA CUGAUGAGGCCGAAAGGCCGAA AGCCAOG 

217 GAUGGGG CUGAUGAGGCCGAAAGGCCGAA AAGCCAG 
217 GAUOGGG CUGAUGAGGCCGAAAGGCCGAA AAGCCAG 

217 GAtXSGGG CUGAUGAGGCCGAAAGGCCGAA AAGCCAG 

218 UGAUGOG CUGAUGAGGCCGAAAGGCCGAA AAAGCCA 
218 UGAUGGG CUGAUGAGGCCGAAAGGCCGAA AAAGCCA 
218 UGAUGGG CUGAUGAGGCCGAAAGGCCGAA AAAGCCA 
218 UGAUGGG CUGAUGAGGCGGAAAGGOOGAA AAAGCCA 
224 AGAACAU CUGAUGAGGCCGAAAGGCCGAA AUGGGGA ' 
224 AGAACAU CUGAUGAGGCCGAAAGGCCGAA AUGGGGA 
230 CUUUOGA CUGAU3AGGCCGAAAOOCOGAA AACA03A 
232 UOCUUUS CUGAUGAGGCCGAAAGGCCGAA AGAACAU 
232 tX3CUUU5 CUGAUGAGGOCGAAAGGCOGAA AGAACAU 
232 UGCUUUS CUGAUGAGGCCGAAAOGCCGAA AGAACAU 
241 AGCUUCA CUGAUGAGGCCGAAAGGCCGAA AUGCUUU 
241 AGCUUCA CUGAU3AOGCCGAAAGGOCGAA AUGCUUU 
241 AGCUUCA CUGAUGAGGCOGAAAGOCOGAA AUGCUUU 

249 OMXXlk CUGAlX»OGCCGAAAOGaX»A AGCUUG^ 

264 AUCAACU CUGAUGAGGCCGAAAGGCCGAA ACAAUUG 

287 ACUUGAG CUGAUGAGGCCGAAAGGCCGAA AGUOGUC 

295 ACAUGGA CUGAUGAGGCCGAAAGGOOGAA ACUUGAG 
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295 ACAIK5GA aXSAWGAGCXTGAAAGGCCGAA ACUUGAG 

296 QACAOQG CUGAUGAOGCCGAAAGGCXGAA AACOTGA 

297 GGACAU3 OXaUJGAaXXGAAAGGCOGAA AAACOUG 
297 GGACAU3 OXSAOGAOGCXGAAAOCSCCGAA AAACOUG 
314 AGAGAAG OTQAW»£XXXX3AAA0QCCGAA AUGAGCr 

314 AGAGAAG CUGAUGAOOXGAAAGGCCGAA AUGAGCC 
AAGAGAA OKSAUGAOCXXXyVAAGGCOCSAA AAUGAGC 

315 AAGAGAA OXSAUGAOGCCGAAAOGCCOAA AAUGAOC 

317 CAAAGAG OXSAl^AOCSCCGAAAGGCOGAA AGAAUGA 

318 ACAAAGA OKSAaSAOCCCGAAAGOCCGAA AAGAAOG 
318 ACAAAGA CUGAUGAGtXCXSAAAGGCXXyjl AAGAAUG 
320 GCACAAA CUGAIXMCXXX3AAAGGCCGAA AGAAGAA 
320 GCACAAA CUGAUGAOGCCGAAAOGCCGAA AGAAGAA 
322 CAGCACA OKSAtXSAGOCCGAAAOGCCGAA AGAGAAG 

322 CAGCACA OlGAaSAGGCCGAAAGGCCGAA AGAGAAG 

323 GCAGCAC OKSAOGAaSCCGAAAOGCCGAA AAGAGAA 
336 GAAAGAC CUGAOSAGGCCGAAAGGCCGAA AAUCAOC 
341 CUUGOGA CUGAtJGAOGCCGAAAGGCCGAA AGACGAA 

341 CUUGUGA CUGAUGAGGCCGAAAGGCCGAA AGACGAA 

342 ACOUGUG C0GAIX3AOQCCGAAAGGCCGAA AAGACGA 

343 CACUU3U OK^USAOQCOGAAAGGCCGAA AAAGACG 
343 CACOUSU CUGAUGAGGCCGAAAGGCCGAA AAAGACG 
352 AUCUGAA CUGAUGAGGCCGAAAGGCCGAA ACACUDG 
355 AACAUCU CUGAUGAGGCCGAAAGGCCGAA AAGACAC 
382 UUUCACU CUGAUGAGGCCGAAAGGCCGAA ACUUGGA 
408 UAACGGC CUGAUGAGGCCGAAAGGCCGAA AGGCAGC 
414 GAGUUGU CUGAUGAGGCCGAAAGGCCGAA ACGGCAA 
414 GAGUUGU CUGAUGAGGCCGAAAGGCCGAA ACGGCAA 
421 AUGAGGA CUGAOSAGGCCGAAAGGCCGAA AGUUGUA 
426 UCUUCAU CUGAUGAGGCCGAAAGGCCGAA AGGAGAG 
439 GUCUUCA CUGAUGAGGCCGAAAGGCCGAA ACUCAUC 
452 GCCAGUA CUGAUGAGGCCGAAAGGCCGAA AUUCGGU 
454 UtXSCCAG CUGAUGAGGCCGAAAGGCCGAA AGAUUCG 
484 AAUGACA CUGAOGAGGCCGAAAGGOCGAA ACAGCAC 
484 AAOGACA CUGAUGAGGCCGAAAGGCCGAA ACAGCAC 
488 CAGCAAU CUGAIK3AQGCCGAAAOGCCGAA ACAGACA 
503 ACAOJUU CUGATOAGGCCGAAAGGCCGAA AGUUUCC 
503 ACACUUU CUGAOSAGGCCGAAAGGCCGAA AGUUUCC 
520 GUUCUOA CUGAtXSAGGCCGAAAGGCCGAA ACUCOGG 

535 GUCAUAU CUGAOSAGGCCGAAAGGCCGAA AAGUCCG 

536 UGUCAUA CUGAUGAGGCCGAAAGGCCGAA AAAGUCC 
538 GUUGUCA CUGAOGAOGCCGAAAOGCCGAA AUAAAGU 
553 AAGAGAG CUGAOSAGGCCGAAAGGCCGAA AGGUAGU 
553 AAGAGAG CUGAUGAGGCCGAAAGGCCGAA AGGUAGU 
556 GAUAAGA CUGAUGAGGCCGAAAGGCCGAA AGUAGGU 

556 GAUAAGA CUGAUGAGGCCGAAAGGCCGAA AGUAGGU 

560 GGAUGAU CUGAOGAOGCCGAAAOGCCGAA AGAGAGU 

561 AGGAUGA CUGAOGAGGOCGAAAGGCCGAA AAGAGAG 
561 AGGAUGA CUGAUGAGGCCGAAAGGCCGAA AAGAGAG 
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561 A0GAIK5A OKaWOatfXXXXSAW^^ AAGAGAG 

566 00CCX:AG aX3AlIGAOQCXXaUAC0CCXSAA AUGAUAA 

566 GGCXX:AG OKjAUGAOGCOGAAAGOCCGAA AUGAUAA 

581 GGUCUGA CUCaiUGAGGCCXyUUUOGCCGAA AOGACCA 

583 CCGGWrU axa^OSAOCSCXGAAAQQCOGAA AAAOGAC 

583 CCGGUCU CUQAUGAOOCCGEAAAGGCCGAA AAAGGAC 

598 ACAGCTC aX»tX3A0GCCXauU\GGCCGAA AU5UGCC 

608 UOUSAAC aX3AIX3AO(XXX3AAAOGCXX5AA ACACAGC 

611 UCUUUUG CUGAUGAGGCCGAAAGGOOGAA AC6ACAC 
UCUUUU3 aX3AlX»OC9CCGAAAGGOGGAA AGGACAC 

612 UUCUUUU CW3WX5AOGCCGAAAGQCOGAA AACGACA 
641 AGOGUUU aXSAtX3AOGCCX3WUtf3GCCGAA ACUUCAU 
649 UAAAGCX OX^tXSAOGCCGAAAGGCCGAA AGUGUUU 
649 OAAAGCC OXSAtXSAGCXXXSAAAGGCCGAA AGOGUUU 

655 CUUUACU OJGAIXSAGQCXXjaUUUSGCCXSAA AAGCCAA 

656 ACOUUAC CTXaUGAOGCCGAAAGGCCGAA AAAGCCA 
^59 ACAAOJU CUGAlXyuOGCCGAAAOGOCGAA ACUAAAG 
664 GAUGGAC CUGAUGAGGCCGAAAGGCCGAA ACUUUAC 
667 UUUGAOG CUGAUGA0C3CCGAAAGGCCGAA ACAACOU 
^71 CAGCUUU CUQAtreAGQCCGAAAGGCCGAA AUGGACA 
^82 GGUAGAG OXSAIJGAOGOCGAAAOGCCGAA AGUCAfiC 

GGUAGAG COGAUGAOGCCGAAAQGCCGAA AGUCAGC 

€82 GGOAGAG CUGAUGAGGCCGAAAGGCTGAA AGUCAGC 

683 GGGUAGA CUSAUGAOGCCGAAAGGCCGAA AAGUCAG 

€83 GGGUAGA CUGAUGAGGCCGAAAGGCCGAA AAGUCAG 

685 GGGGGUA CUGAUGAGGCCGAAAGGOnGAA AGAAGUC 

€85 GGGGGUA CUGAUGAGGCCGAAAT. vGAA AGAAGUC 

€87 UIK3GGGG CWSAUGAGGCCGAAAC^XXSAA AGAGAAG 

698 ACUCAGU CUGAUGAGGCCGAAAGGCCGAA AUGUUGG 

698 ACUCAGU CUGAUGAGGCCGAAAGGCCGAA AUGUUGG 

718 GUCUGCA OXSAUGAGGCCGAAAGGOCGAA AUGGGUU 

718 GIXjJGCA CUGAtJSAQGCCGAAAGGCCGAA AUGGGUU 

729 AUCCUUU CUGAUGAGGCCGAAAGGCCGAA AGUGUCU 

729 AUCCUUU CUGAU3AGGCCGAAAGGCCGAA AGUGUCU 

729 AUCCUUU CWSAUGAGGCCGAAAOGCCGAA AGUGUCU 

737 AOCAGGU CUGAWSAOXXSSAAAOGOCGAA AOCCODU 

737 AGCAQGU CUGAtXSAQGCCGAAAGGCOGAA AUCCUUD 

'^^'^ AGCAGGU OXSAIXSAGGCCGAAAGGCCGAA AUCCUUU 

745 GGAAGCA CUGAUGAGGCCGAAAGGCCGAA AGCAGGU 

745 GGAAGCA CUGAUGAGGCCGAAAGGCCGAA AGCAGGU 

759 UUU3GGA CUOAUGAOOCCGAAAOGCCGAA ACCCCCG 

759 UUUGGGA CUGAUGAGGCCGAAAGGCCGAA ACCCCCG 

759 UUUSGGA CUGAUGAGGCCGAAAGGCCGAA ACCCCCG 
''€0 CUUUGGG CUGAUGAGGCCGAAAGGCCGAA AACCCCC 

760 CUUUGGG CUGAUGAGGCCGAAAGGCCGAA AACCCCC 

760 CUUUGGG CUGAUGAQGCCGAAAGGCX53AA AACCCCC 

761 GCUUUGG CUGAUGAGGCCGAAAGGCCGAA AAACCCC 
771 GAGAAGC CUGAUGAGGCCGAAAGGCCGAA AGGCUUU 
771 GAGAAGC CUGAUGAGGCCGAAAGGCCGAA AGGCUUU 



wo 96/18736 



PCTAJS9S/1SS16 



776 ACCAAGA CW3AOSA0CXXSAAAGCXX»AA AAGCGAG 

776 ACCAAGA OXSAIXSAOGCCGAAAGGCOGAA AAGCGAG 

77B CAACCAA OXSAUSAOGCCGAAAGGCXXAA AGAAGOG 

784 AUUUOCC axSAUSAOGCXXSAAAGGCXXSAA ACCAAGA 

803 UGCX^OG OXSAUSAOGCCGAAAGGCXJGAA AAOUCUC 

803 UGCCAGG aiGAlKSAGGOC3GAAAGGCCX3AA AAUOCOC 

803 tXSCCAGG OKSAlXSUXXXXyuwUXXXS^ AAUUCUC 

812 UCGUAOU CW3AUGA0GCCGAAAGQCCGAA AUGCXIAG 

812 UCGUAUU CUaAUGAOGCC3GAAAGQCX3GAA ADGCCAG 
AUUGUCG CUGAUC5AOQO0GAAAGGCOGAA AUOGAOG 

816 AUUGUOS COGADGAGGCOGAAAOGCOGAA AUUGAOG 

824 CCUGGGA OXSAtXSAGGCCGAAAGGCCXSAA AUUGUCG 

825 OCCUGOG CUGAUSAGGCOGAAAGGCCGAA AAUUGUC 

826 AUCCUQG CUGAII3AGGCCGAAAGGC0GAA AAADUGU 
834 GAUUCAG CUGAUSAGGCCGAAAOGCCGAA AUCCUGG 
841 CAAUUCA OXSAUQAOQCCGAAAGGCCGAA AUOCAGG 
841 CAAUUCA OXSAtxaOGCCGAAAGGCCGAA AUUCAGG 
BSC AAUGGU5 CUGAtXSAOGCCGAAAGGCCGAA ACAAUUC 
869 UGAAAIX: OKSAUGAGGCayUUUaxCGAA AGUUGGC 
869 UGAAAUC COGAUGAGGCCQAAAGGCCGAA AGUUGGC 
869 UC5AAAUC CUGAOSAGGCCGAAAGGCCGAA AGUUGGC 
873 GUAUUGA CUGAUGAGGCCGAAAGGCCGAA AUCUAGU 

873 GUAUUGA CUGAUGAGGCCGAAAGGCCGAA AUCUAGU 

874 CGUAUUG CUGAUGAGGCCGAAAGGCCGAA AAUCUAG 

875 UCGUAUU CUGAUGAGGCCGAAAGGCCGAA AAAUCUA 
885 UGGUUGC CUGAUGAGGCCGAAAGGCCGAA AGUCGUA 
899 GACACUU CUGAIX3AGGCCGAAAGGCCGAA AUGGUGU 
899 GACACUU CUGAUGAGGCCGAAAGGCCGAA AUGGUGU 
906 UUAAUGA CUGAUGAGGCCGAAAGGCCGAA ACACUUA 
906 UUAAUGA CUGAUGAGGCCGAAAGGCCGAA ACACUUA 
908 AUUUAAU CUGAUGAGGCCGAAAGGCCGAA AGACACU 
911 CAUAUUU CUGAUGAGGCCGAAAGGCCGAA AUGAGAC 
916 AUCUCCA CUGAUGAGGCCGAAAGGCCGAA AUUUAAU 
916 AUCUCCA CUGAUGAGGCCGAAAGGCCGAA AUUUAAU 

943 CCAGGUS CUGAUGAGGCOGAAAOGCCGAA AGUCCUC 

944 CCCAGGU CUGAWaOGCCGAAAGGCCGAA AAGUCCU 
1001 CUGCCCC CUGAUGAGGCCGAAAGGCCGAA AAGAGCA 
1034 CGAUGAC CUGAUGAGGCCGAAAGGCCGAA ACGACUG 
1037 CAACGAU CUGAUGAGGCCGAAAGGCCGAA ACGACGA 
1043 UGAUGAC CUGAUGAGGCCGAAAGGCCGAA ACGAUGA 
1046 UGAUGAU CUGAUGAGGCCGAAAGGCCGAA ACAACGA 
1049 AUUUGAU CUGAUGAGGCCGAAAGGCCGAA AUGACAA 
1060 CUUACAG CUGAUGAGGCCGAAAGGCCGAA AGCAUUU 
10^0 CUUACAG CUSAUGAGGCOGAAAGGCCGAA AGCAUUU 
1060 CUUACAG CUGAUGAGGCCGAAAGGCCGAA AGCAUUU 

1060 CUUACAG CUGAUGAGGCCGAAAGGCCGAA AGCAUUU 

1061 GCUUACA CUGAUGAGGCCGAAAGGCCGAA AAOCAUU 
1080 CUUCUGA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 
1080 CUUCUGA CUGAUGAGGCCGAAAGGCCGAA ACAGOTJ 
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PCT/US9S^1S516 



OCDUCOS aX»0C»aXX3GAAMGCCG^ AACAGCU 

1121 OSAAOGU axavtX3AGGCCX3AAAGGCCGAA AGGCOGU 

1121 CGAAOGU CCXaUGA0GCX:GAAA0CXXX3AA AGGCOGU 

1121 CGAAGGU CUGATK3A0G<XGAAA0GCXMAA AGGCOGU 

1122 COGAAGG OXaUXSAOGCCGAAAGGCCGAA AAOGCUG 

1126 AGGCCCG CUGAUGAGGCCGAAAGGCCGAA AGGUAAG 

1127 CAGGCCr COGAOGAGGCCGAAAGGOCGAA AAOGUAA 
1127 CAGGCXX: aJGAOGAOGCCGAAAOGCOGAA AAOGUAA 
1144 UOCAGCU CUSADGAOGCOGAAAGGCCGAA AOGCOOC 

1144 UraCCU aX»aSA0GOCX5AAAGGCCGAA AOGCUUC 

1145 GOOCAOC CtXSMJSAGGCCGAAAOGCOGAA AAUGOJU 
1160 AAAGGAA COSAUGAGGCCGAAAOGCCGAA ACOGUCU 

1162 CUAAAOG COSADGAOOCCGAAAGGCCGAA AGACGGU 

1163 ACUAAAG CWaAOGAOGCOGAAAOGCCGAA AAGACGG 
1167 AAGAACU COGAOGAOGCCGAAAGGCCGAA AAOGAAG 
1177 AUGGACA CUQAUGAGGCCGAAAGGCCGAA AGAAGAA 
1181 CCACAU3 CUGAUSAGGCCGAAAGGCCGAA ACAGAGA 
1181 CCACAOG OJGAtlSAGGCCGAAAGGCCGAA ACAGAGA 
1192 UACCAtX; CUGAUGAGGCOGAAAGQCCGAA AOCCCAC 
1199 CACAUAA COGAOGAGGCCGAAAGGCCGAA ACCAUGU 
1201 GCCACAU COGAOGAGGCCGAAAGGCCGAA AUACCAU 
1210 ACCUCAU CUGAUGAGGCCGAAAGGCCGAA AGCCACA 
1210 ACCUCAU COGAOGAGGCCGAAAGGCCGAA AGCCACA 
1223 AAAGAAA OXaUJGAGGCCGAAAOQCCGAA AUUGUAC 
1225 UGAAAGA CUGAUGAOGCCGAAAGGCOGAA AGAUUGU 

1225 UGAAAGA COGAtXSAGGCCGAAAGGCCGAA AGAUITW 

1226 COGAAAG CU3AUGA0GCCGAAAGGCCGAA AAGA . 

1227 GCUGAAA COGAOGAGGCCGAAAGGCCGAA AAAG..JU 
1227 GCUGAAA CUGAUGAGGCCGAAAGGCCGAA AAAGAUU 
1227 GCU3AAA CUGADGAOGCOGAAAGGCCGAA AAAGAUU 

1229 GUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGAAAGA 

1230 GGUGCUG CUGAUGAGGCCGAAAGGCCGAA AAGAAAG 
1252 UGUCCGA CUGAUGAGGCCGAAAGGCCGAA AGAUCAG 
1274 UUAACUC CUGAUGAGGCCGAAAGGCCGAA AUCUOGU 
1310 GGAAAGA CUGAUGAOGCOGAAAOGCCGAA AOCCUCA 
1312 AUGGAAA CUGAUGAGGCCGAAAGGCCGAA AAAUCCU 
1314 WaUGGA CUGAUGAGGCCGAAAGGCCGAA AGAAAUC 
1316 COX^OG CUGAUGAGGCCGAAAGGCCGAA AAAGAAA 
1320 GCUUCCU CUGAUGAGGCCGAAAGGCCGAA AUGGAAA 
1320 GCUUCCU CUGAUGAGGCCGAAAGGCCGAA AUGGAAA 
1339 CCCAGCA CUGAUGAGGCCGAAAGGCCGAA ACUUOCC 
1355 AUCAAGC CUGAUGAGGCCGAAAGGCCGAA AUCAAAG 
1437 UUUOUCU CUGAUGAGGCCGAAAGGCCGAA AUACCAC 
1437 UUUUUCU COGAUGAGGCCGAAAGGCCGAA AUACCAC 
1475 GCAGUAA CUGAUGAGGCCGAAAGGCCGAA ACUAGGC 
1477 UUGCAGU CUGA0GAGC3CCGAAAGGCCGAA AGACUAG 

1487 ACAUAUC CUGAUGAGGCCGAAAGGCCGAA AGUUGCA 

^tV' CAUGACA CUGAUGAGGCCGAAAGGCCGAA AUCAAGU 

1491 CAUGACA CUGAUGAGGCCGAAAGGCCGAA AUCAAGU 
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PCTAJS95/15516 



1505 AGACACC CUCSOISAOGCCXSAAAOGOOGAA AOCAAAC 

1530 COUCAGA aJGAOQAGGCCXSAAAOGCOGAA AAOGGCA 

1531 UCUUCAG CUS2ltX3AOCXXX}AAAOGCOGAA AAA0CX3C 

1532 CUCUUCA CtXailX^CCCCGAAAGGCCGAA AAAAGGG 
1532 CXIOJXti CUQAUGAOGCCGAAAOGCCXSAA AAAAOQG 
1644 ACAUCCC CUGAUQAOGGOGAAAGGOCGAA ACCAUAG 
1652 CXX^OUUU CUGAtlSAOCXXX^AAAGGCrGAA ACAUCCC 
1652 COGUUUU CUQAUGAOCXXXSAAAGGCCGAA ACAUCCC 
1670 UAAXIAUU CUQADSAOGCCGAAAOGCCGAA AUAUUAU 
1674 UAUUUAA CUSAIXSAOGCCGAAAOSCCGAA AUUUAUA 

1676 UUUAUUU CUGAUGAOGCOGAAAOGCCGAA AUAUUUA 

1677 UUUUAUU CUGADGAOGCCGAAAGGCCGAA AAUAUUU 
1677 UUOUAUU CUGAUGAOOCCGAAAGGCCGAA AAUAUUU 
1694 UUro CUC CCX»UGAG0CCGAAAOGCCGAA AUACUCU 
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Table BVL Human B7.2 Hammerhead Ribo^yme Sequences 



nt 

Pbsition 

16 

17 

21 

22 

24 

34 

44 

70 

73 

74 

75 

81 

83 

84 

88 
113 
125 
137 
142 
143 
145 
147 
148 
159 
160 
166 
168 
179 
182 
190 
191 
197 
198 
200 
201 
202 
231 
232 
240 

242 
265 
268 



HH Target Sequence 



GAAAOCU a 

AAAocua a 

CODUOCU U 
UOUGCOU C 
UGCUUCU C 
CUGOXSXJ A 
AOOC3ACX7 A 
GUGGOGU C 
OGGUCAU U 
GGUCAUU U 
GUCAUUU C 
UCCAGAU A 
CAGAUAU U 
AGAUAUU A 
AUUAGGU C 
AAUGGAU C 
GCJOCACU A 
ACXX^AGU A 
GUAACAU U 
tIAACAUU C 
ACAUUCU C 
AUUCUCU U 
UUCUCUU U 
AUGGCCU U 
UGGCCUU C 
UCXXIGCU 
CUGCUCU 
UGCUGOJ 
UGCUCOJ 
UGAAGAU 
GAAGAUU 
UCAAGCU U 
CAAGOJU A 
AGCUUAU U 
GCXXZAUU U 
CUUAUUU C 
UGCCAAU U 
GCCAAUU U 
GCAAACU C 

AAACUCU C 
GUGAGCU A 
AGCUAGU A 



rocuucu 
ocuucuc 
cucuocu 

OCOOCUG 
UGOXXTJ 
ACAGQGA 
OCACAGA 
ADUUCCA 
UCCAGAU 
CCAGAUA 
CAGAUAU 
UUAGGUC 
AGGUCAC 
GGUCACA 
ACAGCAG 
CCCAGUG 
USGGACU 
ACAUUCU 
CUCUUUG 
UCUUUGU 
UUUGUGA 
UGUGAUG 
GUGAUQG 
CCUGCUC 
CUGCUCU 
UCUGGUG 
UGGUGCU 
CUCUGAA 
UGAAGAU 
CAAGCUU 
AAGCUUA 
AUUUCAA 
UUUCAAU 
UCAAUGA 
CAAUGAG 
AAUGAGA 
OGCAAAC 
GCAAACU 
UCAAAAC 
AAAACCA 
GUAGUAU 
GUAUUUU 



nt 
Position 

271 

273 . 

274 

275 

294 

298 

299 

310 

312 

315 

316 

330 

331 

340 

341 

344 

345 

351 

353 

368 

369 

370 

374 

375 

383 

397 

398 

404 

406 

407 

412 

426 

429 

431 

437 

439 

442 

446 

469 

470 

475 

488 



HH Target Sequence 



UAGUAGU 
GUAGUAU 
UAGUAUU 
AGUAUUU 
GAAAACU 
ACUUQGU 
CUUGGUU 
AUGAGGU 
GAGGUAU 
GUAtlACU 
UAUACUU 
GAGAAAU 
AGAAAUU 
ACAGUGU 
CAGUGUU 
UGUUCAU 
GUUCAUU 
UCCAAGU 
CAAGUAU 
CACAAGU 
ACAAGUU 
CAAGUUU 
UUUUGAU 
UUUGAUU 
GGACAGU 
UGAGACU 
GAGACUU 
UCACAAU 
ACAAUCU 
CAAUCUU 
UUCAGAU 
AAGGGCU 
GGCUUGU 
CUUGUAU 
UCAAtXSU 
AAUGUAU 
GUAUCAU 
CAUXAU 
GAAUGAU 
AAUGAUU 
UUOGCAU 
GAUGAAU 



A UUUUOGC 
U UUGGCAG 
U OGGCAGG 
U OGCAOQA 
U GGUUCUG 
U CtXSAAUG 
C U3AAUGA 
A UACUUAG 
A CUUAGGC 
U AGGCAAA 
A GGCAAAG 
U UGACAGU 
U GACAGUG 
U CAUUCCA 
C AUUCCAA 
U CCAAGUA 
C CAAGUAU 
A UAUGGGC 
A UGGGTCG 
U UUGr- ti: 
U UGAOUCG 
U GAUUCGG 
U CGGACAG 
C GGACAGU 
U GGACOCU 
U CACAAUC 
C ACAAUCU 
C UUCAGAU 
U CAGAUCA 
C AGAUCAA 
C AAGGACA 
U GUAUCAA 
A UCAAUGU 
C AAUGUAU 
A UCAUCCA 
C AUCCAUC 
C CAUCACA 
C ACAAAAA 
U CGCAUCC 
C GCAUCCA 
C CACCAGA 
i: CUGAACU 
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rcTajS9s/issi6 



489 


AUGAAUU C U3AACUG 


721 


498 


GAACUGU C AGUGCUU 


722 


505 


CAGUOCU U GCUAACU 


723 


509 


GCUUOCU A ACUUCAG 


726 


513 


GCUAACU U CAQUCAA 


727 


514 


CUAACUU C AGUCAAC 


736 


518 


CUUCAGU C AACCUGA 


737 


529 


CUGAAAU A GUACCAA 


746 


532 


AAAUAGU A GCAAUUU 


754 


538 


UAOCAAU U UCCIAAUA 


756 


539 


ACCAAUU U CUAAOAU 


757 


540 


CCAAUUU C UMUAUA 


761 


542 


AAUUUCU A AUAUAAC 


763 


545 


UUCUAAU A UAACAGA 


764 


547 


CUAAUAU A ACAGAAA 


787 


561 


AAUGUGU A CAUAAAU 


788 


565 


UGUACAU A AAUUtXSA 


789 


569 


CAU7UVAU U UGACOIG 


790 


570 


AUAAAUU U GACCUGC 


792 


579 


ACCUGCU C AUCUAUA 


794 


582 


UGCUCAU C UMJACAC 


795 


584 


CUCAUCU A UACAOGG 


800 


566 


CAUCUAU A CACGGUU 


801 


593 


ACACX3GU 0 ACCCAGA 


802 


594 


CACGGUU A CCCAGAA 


804 


605 


AGAACCU A AGAAGAU 


806 


619 


UGAGUGU U UUGCUAA 


808 


620 


GAGUGUU U UGCUAAG 


814 


621 


AGUGUUU U GCUAAGA 


624 


625 


UUUUGCU A AGAAOCA 


830 


638 


CAAGAAU U CAACOAU 


844 


639 


AAGAAUU C AACUAUC 


845 


644 


UUCAACU A UCXyuSUA 


848 


646 


CAACUAU C GAGUAUG 


853 


651 


AtXXAGU A U3AU0GU 


854 


659 


CX3AUGGU A TJUAUGCA 


862 


661 


AUOGUAU U AUGCAGA 


865 


oo2 


UGGUAUU A UGCAGAA 


866 


672 


CAGAAAU C UCAAGAU 


874 


o74 


GAAAUCU C AAGAUAA 


875 


680 


UCAAGAU A AUGUCAC 


877 


685 


AUAAUGU C ACAGAAC 


878 


696 


GAACUGU A CGACGUU 


880 


703 


ACGACGU U UCCAUCA 


892 


704 


CGACGUU U CCAUCAG 


893 


705 


GACGUUU C CAUCAGC 


894 


709 


UDUCCAU C AGCUUGU 


895 


714 


AUCAGCU U GUCUGUU 


899 


717 


AGCUUGU C UGUUUCA 


901 



OSWrUGO U UCAUUCC 
GUCUGUU U CAUUCCC 
UCUGUUU C AUUCCCU 
GUUUCAU U CCCUGAU 
UUUCAUU C CCUGADG 
CUGAUGU U ACGAGCA 
UGAUGUU A CGAGCAA 
GAGCAAU A -OGACCAU 
UGACCAU C UUCUGUA 
ACCAUCU U CUGUAUU 
CCAUCUU C UGUAUUC 
CUUCUGU A UUCUGGA 
UCUGUAU U CUGGAAA 
CQGUAUU C UQGAAAC 
aSOGGCU 0 UUAUCUU 
GCGGCUU U UAUCUUC 
OGOCUUU U AUCUUCA 
GGCUUUU A UCUUCAC 
CUUUUAU C UIKIACCU 
UUUAUCU U CACCUUU 
UUAUCUU C ACCUUUC 
UUCACCU U UCUCUAU 
UCACCUU U CUCUAUA 
CACCUUU C UCUAUAG 
CCUUUCU C UAUAGAG 
UUUCUCU A UAGAGCU 
UCUCUAU A GAGCUUG 
UAGAGCU U GAGGACC 
GGACCCU C AGCCUCC 
UCAGCCU C CCCCAGA 
ACCACAU U CCUUGGA 
CCACAUU C CUUGGAU 
CAUUCCU U GGAUUAC 
CUUGGAU U ACAGCUG 
UUOGAUU A CAGCUGU 
CAGCUGU A CUUCCAA 
CUGUACU U CCAACAG 
UGUACUU C CAACAGU 
CAACAGU U AUUAUAU 
AACAGUU A UUAUAUG 
CAGUUAU U AUAUGUG 
AGUUAUU A UAUGUGU 
UUAUUAU A UGUGUGA 
UGAUGGU U UUCUGUC 
GAUSGUU U UCUGUCU 
AUGGUUU U CUGUCUA 
UGGUUUU C UGUCU7U 
UUUCUGU C UAAUUCU 
UCU3UCU A AUUCUAU 
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904 GUaiAAD U CUAUGGA 

905 UCUAAUU C UAUQGAA 
907 UMDUCU A UOQAAAU 
935 GOC5C3CCO C OCAACUC 
942 OSCAACU C UUAUAAA 

944 CAACOCU U AUAAAUG 

945 AACUCOU A UAAAOSU 

947 CUCUUUT A AAUGOGG 

1009 AAAAAAD C CAUMIAC 

1013 AA0CCAU A UACCUGA 

1015 IKXAUAU A CXrUSAAA 

1026 GAAAGAU C UQAUQAA 

1045 AGOSOGO U UUUAAAA 

1046 GCX30GUU U UUAAAAG 

1047 CGUGUUU U UAAAAGU 

1048 GUGUUUU U AAAAGDU 

1049 UGOUUUU A AAAGOUC 

1055 UAAAAGU U GGAAGAC 

1056 AAAAGUU C GAAGACA 
1065 AAGACAU C UUCAUGC 

1067 GACAUCU U CAUGCX3A 

1068 ACAUCUU C AUGOGAC 
1085 AAGUGAU A CAUGUUU 

1091 UACAUCU U UUUAAUU 

1092 ACAUGUU U UUAAUUA 

1093 CAU3UUU U UAAUU7VA 

1094 AUGUUUU U AAUUAAA 

1095 UGUUUUU A AUUAAAG 

1098 UUUUAAU U AAAGAGU 

1099 UUUAAUU A AAGAGUA 



191 



Table BVIt Human B7-2 Hammerhead Kibozyme Sequences 



HHRflxwyme Sequences 

16 AGAAGCA aX3WX»GGCCGAAAGGC0GAA AGCOUUC 

17 GAGAAGC OX^IXSAGGCCGAAAGGCCGAA AAGCUUU 

21 AGCAGAG CWGAWSA0C5CCGAAAGG0CGAA AQCAAAG 

22 CAGCAGA aX3AIX3JU3GCCGAAAGC5CCGAA AAGCAAA 
24 AGCAGCA COTtfJGAGCXXGAAAGGCXXaiA ASAAGCA 
34 UCCCUGU OTGAUGAGGCXXaUUtfWOCGAA ACAGCAG 
44 UOXSUGC axa«X3W3GCXX5AAAGQaX3^ AGOCCTU 
70 UGC5AAAU aX3AW3y\GCXXX3AAAOQCCGAA ACCCCAC 

73 AUOIGGA CUGAUGMGCCGAAAGGCCGAA AUGACCC 

74 UAUCUGG OJGAUGAQGCXXa^AAOGCCGAA AAUGACC 

75 AUAUCUG CtraAUGAGQCXXSAAAOGCXXSAA AAAUGAC 
81 GACCUAA CUGAIXSAQOCCGAAAGGCCGAA AUCUGGA 

83 GUGACCU CUCaUXSAQGCaSAAAGGCCGAA AUAUCUG 

84 UGUGACC CUGAUGAGGCCGAAAGGCCGAA AAUAUCU 
88 CUGCUGU CUGAUGAGGCCGAAAGGCXXaUl ACCUAAU 
113 CACUGGG CUGAUGAGGCCGAAAGGCCGAA AUCCAUU 
125 AGUCCCA CUGAUGAQGCCGAAAgCCCGAA AGUGCAC 
137 AGAAUGU COGAUGAGGCCGAAAGGCCGAA ACUCAGU 

142 CAAAGAG CUGAUGAGGCCGAAAGGCCC - AUGUUAC 

143 ACAAAGA CUGAUGAGGCCGAAAGGCCGAA AAUGOUA 
145 UCACAAA CUGAUGAGGOCXyUUUSGCCGAA AGAAUGU 

147 CAUCACA CUGAUGAGGCCGAAAGGCCGAA AGAGAAU 

148 CCADCAC CUGAUGAOGCCXyUUUSGCCGAA AAGAGAA 
15S GAGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCCAU 
160 AGAGCAG CUGAUGAGGCCGAAAGGCCGAA AAGGCCA 
166 CACCAGA CUGAUGAGGOCGAAAGGGCGAA AGCAGGA 
168 AGCACCA CW5AUGAQGCCGAAAGG0CGAA AGAGCAG 
179 UOCAGAG CUGAUGAGGCCGAAAGGCCGAA AGCAGCA 
182 AUCUUCA CUGAUGAGGCCGAAAOGOCGAA AGGAGCA 

190 AAOCUUG CUGAUGAGGCCGAAAGGCCGAA AOCUUCA 

191 UAAGCUU CUGAUGAOGCCGAAAGQCCGAA AADCUUC 

197 UW3AAAU CUGAOGIAOGCCGAAAGGCCGAA AGCUUGA 

198 AUUGAAA CUGAUGAGGCCGAAAGGCCGAA AAGCUUG 

200 UCAUUGA CUGAUGAGGCCGAAAGGCCGAA AUAAGCU 

201 CUCAUtXS CUGAUGAGGCCGAAAGGCCGAA AAUAAOC 

202 UCUCAUU CUGAUGAGGCCGAAAGGCCGAA AAADAAG 

231 GUUUGCA CUGAUGAGGCCGAAAGGCCGAA AUUOGCA 

232 AGUUDGC CUGAUGAGGCCGAAAOGOCGAA AAUUGGC 
240 GUUUUGA CUGAUGAGGCCGAAAGGCCGAA AGUUUOC 
242 UGGUUUU CUGAUGAGGCCGAAAGGCCGAA AGAGUDO 
265 AUACUAC CUGAUGAGGCCGAAAGGCCGAA AGCUCAC 
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PCTAJS9S/1SS16 



268 AAAADAC OmUQAOCXXXSAAAGGCXXSAA ACUAGCU 

271 GCCAAAA OXSAUSAOCXXGAAAGGCCGAA ACUROJA 

273 CUGCCAA CUGAOGAGQCCGAAAfiOCCXSAA AUACUAC 

274 CrwXXJV OWAUGWXXXXaUUUSGC^^ AAUACUA 

275 UCCUQCC OXy^lXSWXXXXSAAAGGCCGAA AAAUACU 
294 CAGAACC OXSAUSAGGCCGAAAGGCCGAA ACUUUUC 

298 CAUUCAG aX3AtX»OGCOGWUU3GCCGAA ACCAAGU 

299 UCAUUCA OXSAlKMGCCGAAJtfXJCXSGAA AACCAAG 
310 CUAAGUA aX»U3AGGCXX2AAAOGCOGAA ACCUCAO 
312 GCCUAAG CWSWXSAQCXX^GAAAGGCCXSAA AUACCOC 
315 UUroCOJ OXSAUGAOGCOGAAAGQCOGAA AGUAUAC 
31^ COUUGCr CUGAW3AGGCCGAAAOGCOGAA AAGUAUA 

330 AOX^OCA OXSAIXSAOGCCXSAAAGGCCGAA AUUUCOC 

331 CACTCUC CUGAIXSAGGCCGAAAOOOCGAA AAUUUOJ 

340 UGGAAUO OX^UGAGGCCGAAAGGCOGAA ACACUGU 

341 OOGGAAU CTOAlXatfX3COGAAAGGCXX3AA AACAOJG 

344 UACUUGG CUGAUSAOGCCX3AAAGOCXGAA AUGAACA 

345 auacuug cugaugagcxxxsaaagoccgaa aaugaac 
351 gcxx:aua cugaugaggccgaaaggccgaa acuugga 

353 CGGCCCA OXSAOGAGGCCXSAAAGGCCGAA AUACUUG 

368 GAAOCAA OXyilK^GGCCGAAAGGOCGAA ACUUGUG 

369 CGAAUCA CUGAUOAGGCCGAAAGGCCGAA AACUUGU 

370 CXXyUVUC CUGAUGAGGCCGAAAGGCCGAA AAACUUG 

374 aX]WCCG CUGAUGAGGCCGAAAGGCCGAA AUCAAAA 

375 ACUGUCC CUGAUGAGGCCGAAAGGCCGAA AAUCAAA 
383 AGOGUCC CUGAUSAGOCCGAAAGGCCGAA ACUGUCC 
35'' GAUUGUG CUGAU3A0GCCGAAAGGCCGAA AGT- »iCA 
398 AGAUUGU CUGAUGAGGCCGAAAGGCCGAA AA^CCUC 
404 AlXrUGAA CUGAUGAGGCCGAAAGGCCGAA AUUGUGA 

406 OGAUOXS CUGAOGAOGCCGAAAGGCCGAA AGAUUGU 

407 UUGAUCU OXSAUSAGGCCGAAAGGCCGAA AAGAUUG 
412 UGUCCUU CUGAUGAGGCCGAAAGGCCGAA AUCUGAA 
426 UUGAUAC CUGAUGAGGCCGAAAGGCCGAA AGCCCUU 
429 ACAUUGA CUGAU3A0GCCGAAA0GCCGAA ACAAGCC 
431 AUACAUU CUGAUSAGGCCGAAAGQCCGAA AUACAAG 
437 UOGAUGA CUGAOGAOGCCGAAAGOCCGAA ACAUUGA 
439 GAOSGAU CUGAUGAGGCCGAAAGGCCGAA AUACAUU 
442 USUCSAOS CUGAIX5AGGCCGAAAGGCCGAA AUGAUAC 
446 UUUUUGU OXSAUGAGGCCGAAAGGCCGAA AUGGAUG 

469 GGAU3CG CUGAUGAGGCCGAAAGGCCGAA AUCAUUC 

470 USGAUGC CUGAUGAGGCCGAAAGGCCGAA AAUCAOU 
475 UCU3GIX3 CUGAtXSy^OGCCGAAAGGCCGAA AUGCGAA 

488 AGUUCAG CUGAUGAGGCCGAAAGGCCGAA AUUCALC 

489 CAGUUCA CUGAUGAGGCCGAAAGGCCGAA AAUUCAU 
498 AAGCACU CUGAUGAGGCCGAAAGGCCGAA ACAGUUC 
505 AGUUAGC CUGAUGAGGCCGAAAGGCCGAA AGCACUG 
509 CUGAAGU CimUGAGGCCGAAAGGCCGAA AGCAACC 

513 UUGACUS CUGAUGAGGCCGAAAGGCCGAA AGUUAGC 

514 GUUGACU CUGAUGAGGCCGAAAGGCCGAA AAGUUAG 



wo 9^18736 
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518 UCAGGUU OXSMKaUWXXSAAAOOCX^ ACUGAAG 

529 UWGUAC CTGAOCyVGOCOSAAAOGCXXSAA ^JUUUCAG 

532 AAAUW3G aXSAUGAGGCCGAAAGGCTGAA ACUAUUU 

538 UAOUAGA CUCy^tXSAGGCXXStfUW^OGCCGAA AUUCXWA 

539 AUAUUAG CUGAOGAOXXXSAAAGGCCGAA AAUUGGU 

540 UAUAUUA OJGAWMGCCGWUWJGCCGAA AAAUUOG 
542 GUUAUAU CUGAUGAGCXXX5AAAGGCOC5AA AGAAAUU 
545 OCOGUUA COGAWytfSCXXXSAAAGCXXXyVA AUUAGAA 
547 UUUCUGU CUGAUGAGGCCGAAAGGCCQAA AUAUUAG 
561 AUUUAUG CUGAIK3A0GCCGAAAG0CCGAA ACACAUU 
565 UCAAAUa OJGJUXSAGGCCGAAAGGCXXSAA AUGUACA 

569 CAGGUCA CUGAlXSMCXXXSAAACWCXXyVA AUUUAUG 

570 GCAGGUC OXSAOQAGCXTGAAAGGCCGAA AAUUUAU 
579 UAUMAU CUGAOGAGC3CXX3AAAGGOCGAA AGCAGGO 
582 OXSUAUA COGAUGAGC3CCGAAAGGCCGAA AUGAGCA 
584 CCGUGUA COGAUGAGGCCXSAAAGGCCGAA AGAUGAG 
586 AACOGUG OJGAUGAGGCCGAAAGGCCXSAA AUAGAtJG 

593 UCUGGGU CUGAUGAQGCCGAAAGGCCGAA ACCGUGU 

594 UUCUGGG CUGAUGAGGCCGAAAGGCCGAA AACXGUG 
605 AUCUUCU CUGAUGAQGCCGAAAGGCCGAA AGGOUCU 

619 UUAGCAA CUGAUGAGGCCGAAAGGCCGAA ACACUCA 

620 CUUAGCA CUGAUGAGGCCGAAAGGCCGAA AACACUC 

621 UCUUAGC CUGAUGAGGCCGAAAGGCCGAA AAACACU 
625 UGGUUCU CUGAUGAGGCCGAAAGGCCGAA AGCAAAA 

638 AUAGUUG CUGAUGAGGCCGAAAGGCCGAA AUUCUUG 

639 GAUAGUU CUGAUGAGGCCGAAAGGCCGAA AAUUCUU 
644 UACUCGA CUGAUGAGGCCGAAAGGCCGAA AGUUGAA 
646 CAUACUC CUGAUGAGGCCGAAAGGCCGAA AUAGUUG 
651 ACCAUCA CUGAUGAGGCCGAAAGGCCGAA ACUCGAU 
659 UGCAUAA CUGAUGAGGCCGAAAGGCCGAA ACCAUCA 

661 UCUGCAU CUGAUGAGGCCGAAAGGCCGAA AUACCAU 

662 UUCUGCA CUGAUGAGGCCGAAAGGCCGAA AAUACCA 
672 AUCUUGA CUGAUGAGGCCGAAAGGCCGAA AUUUCUG 
674 UUAUCUU CUGAUGAGGCCGAAAGGCCGAA AGAUUUC 
680 GUGACAU CUGAUGAGGCCGAAAGGCCGAA AUCUUGA 
685 GUUCUGU CUGAUGAGGCCGAAAGGCCGAA ACAUUAU 
696 AACGUOG CUGAUGAGGCCGAAAGGCCGAA ACAGUUC 

703 UGAIXX5A CUGAUGAGGCCGAAAGGCCGAA ACGUCGU 

704 CUGAUGG OWAUGAGGCCGAAAGGCCGAA AACGUCG 

705 GCUGAUG CUGAUGAGGCCGAAAGGCCGAA AAACGUC 
709 ACAAGCU CUGAUGAGGCCGAAAGGCCGAA AUGGAAA 
714 AACAGAC CUGAUGAGGCCGAAAGGCCGAA AGCUGAU 
717 UGAAACA CUGAUGAGGCCGAAAGGCCGAA ACAAGCU 
721 GGAAUGA CUGAUGAGGCCGAAAGGCCGAA ACAGACA 
"725 OGGAAtX; CUGAUGAGGCCGAAAGGCCGAA AACAGAC 

AGGGAAU CUGAUGAGGCCGAAAGGCCGAA AAACAGA 

AUCAGGG CUGAUGAGGCCGAAAGGCCGAA AUGAAAC 

CAUCACG CUGAUGAGGCCGAAAGGCCGAA AAUGAAA 
UGCUCGU CUGAUGAGGCCGAAAGGCCGAA ACAUCAS 



722 
723 
726 
727 
736 
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737 UroCOOG CUGAIJGAGQCOCSWVAQGOCXauv AACAUCA 

746 MXXVCk CraUX3A0CXXX»AAGGCCGAA AOTGCOC 

754 UACAGAA COGAUGAOGCCGAAAGGCOGAA AIX3G0CA 

756 AAUACAG axy^OGAOSCaSAAAGCXXXSAA AGAUGGU 

757 GAAUACA aX»OGAa3CXX33UUU3GCX3GAA AAGAOGG 
761 UCCACAA CUGAUSAGGCXXaUVAGQCXXSAA ACAGAAG 

763 UUOCCAG aX»IXaU«XX5AAA00CCX»A AUACAGA 

764 GOUIXXA OXailX^OGCCGAAAQGCCGAA AAUACAG 

787 AAGAUAA aJGATOAOGCCGAAAOQCXX»A AOCX3Q0G 

788 GAAGAUA OKSAWSAOOCCGAAAGGCOGAA AAGCCOC 

789 USAAGAU CWaUXSAGOCOGAAAOGCCGAA AAAGCCG 

790 GW3AAGA CUGADGAOXXGAAAOGCXXyuV AAAAGCC 
792 AGGW3AA aX3AW3AGGCOGAAAGGCXXftA AUAAAAG 

794 AAAGGW3 CWSATOAGGCCGAAAGGOOGAA AGAUAAA 

795 GAAAOGU OJSAWMGCCGAAAGGOCXSAA AAGAUAA 
800 A0AGAGA CUGAIX»QGCCX3AAA0GCXXSAA AGGOGAA 
flOl UAUAGAG OXy^lXSAGGCCGAAAGGCCGAA AAGGUGA 
802 CUAUAGA CUGAUSA0CXXX3AAAGGCXDGAA AAAGGUG 
804 CUCUAUA COSAUGAGGCCGAAAGGOCXSAA AGAAAOG 
806 AGCUCUA OIGAlXauaXCGAAAGGOCGAA AGAGAAA 
808 CAAOCUC OTSAlXSAOCXXXaUUVGGOCGAA AUAGAGA 

GGUCCUC CUGAlXaUXXXGAAAOQXGAA AGCUCUA 

824 GGAGGCU CUGAUGAGGCCGAAAGGCCGAA AGGGUCC 

830 UCUGGGG CUGAOGAGGCCGAAAGGCCGAA AOGCUGA 

844 UCCAAGG CUGAUGAOGCCGAAAQGOCGAA AUGUGGU 

845 AUCCAAG CUGAUGAOGCCGAAAGGCCGAA AAUGUGG 
848 GUAAUCC CUGAtJSAGGCCGAAAGGCCGAA AGGAAUG 

853 CAGCUGU C0GAU3AGGCCGAAAGGCCGAA AUCCAAG 

854 ACAGCUG CUGAUGAOGCCGAAAGGCCGAA AAUCCAA 
862 UUGGAAG CUGAUGAGGCOGAAAGGOCGAA ACAGCUG 
865 CUGUUQG CUGAUGAOGCCGAAAGGCCGAA AGUACAG 

ACUSUUG CUGAUGAOGCCGAAAGGCCGAA AAGUACA 

874 AUAUAAU CUGAUGAOGCCGAAAGGCCGAA ACUGUUG 

875 CAUAUAA CUGAUGAOGCCGAAAGGCCGAA AACUGUU 

877 CACAUAU CUGAIKSAGGCCGAAAGGCCGAA AUAACUG 

878 ACACAUA CUGAUGAOGCCGAAAGGCCGAA AAUAACU 
880 tX»CACA CUGAOGAOGCCGAAAOGCCGAA AUAAUAA 

892 GACAGAA OXSAUSAOGCCGAAAGGCCGAA ACCAUCA 

893 AGACAGA CUSAUSAGGCCGAAAGGCCGAA AACCADC 

894 UAGACAG CUGAUGAOGCCGAAAGGCCGAA AAACCAU 

895 UUAGACA CUGAUGAOGCCGAAAGGCCGAA AAAACCA 
899 AGAAUUA CUGAUGAOGCCGAAAGGCCGAA ACAGAAA 
901 AUAGAAU CUGAUGAOGCCGAAAGGCCGAA AGACAGA 

904 UCCAUAG CU3AUGAGGCCGAAAGGCCGAA AUUAGAC 

905 UUCCAUA CUGAUGAOGCCGAAAGGCCGAA AAUUAGA 
907 AUUUCCA CUGAUGAOGCCGAAAOOCCGAA AGAAUUA 

935 GAGUUGC CUGAUGAOGCCGAAAGGCCGAA AGGCCGC 

942 UUUAUAA CUGAUGAGGCCGAAAOGCCGAA AGUUGCG 

944 CAUUU?.U CUGAUGAOGCCGAAAGGCCGAA AGAGUUG 
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94S ACAUUtA CUQAIX^OGCCGAAAOGCCGAA AAGAGUU 

947 CCACAUU CUGAUGAGGCCGAAAGGCCGAA AUAAGAG 

1009 GUAUAUS OX^AUSAOGCGGAAAGGCCXAA AUUUUUU 

1013 UCAOGUA OXSAUQAOGCCXSAAAGGCOGAA AUQGAUU 

1015 UUl»yQG CXX3AIISAO0CCGAAAOGCCGAA AUAOQGA 

1026 UOCAOCA CUQAUSAQCXXXSAAAGGOCGAA AUCUUUC 

1045 UUUOAAA CtXavtJGAOGCCGAAAGOCCGAA ACACGCU 

1046 CUUUUAA CUOAUQAOGCXX^AAAOOCCGAA AACACGC 

1047 ACDOUOA CXX3AUGAGGCCGAAA0GC0GAA AAACACG 

1048 AACOUOU OXSAUCSAOGCCX^AAAOGOCGAA AAAACAC 

1049 GAACOOa C0GAW3AGGCCGAAAGGCCGAA AAAAACA 

1055 GtlCXJUOG aX3AUCaU0G0CCyVAAOGCCGAA ACUUOUA 

1056 OSOCUUC OXSAUSAOGCCGAAAjQGCOGAA AACUUUU 
1065 GCAUSAA CCX^AKISAOOOCGAAAGGOCXSAA AUGUCUU 

1067 UCGCAUO CWaOXSACXSCCGAAAGGCCGAA AGAUCUC 

1068 G0OC3CAU OXSAUGAGCXTGAAAGGCCGAA AAGAUGU 
1085 AAACATO aX3AlX3AOC3CCX3AAAGGCCGAA ADCACUU 

1091 AAUUAAA CIKSAIXMOCCGAAAOSOCGAA ACAOGUA 

1092 UAADUAA OmOCaiOCXCGJUU^GGCCGAA . AACAtXS^ 

1093 UUAAUUA CUGAOSAGGCOGAAAGGCCGAA AAACAtJG 

1094 UUUAAUU OXSAlXSAGGCXiXy^AAGGCCXSAA AAAACAU 

1095 CUUUAAU OXSJUXSAGGCXXyuVAGGCCGAA AAAAACA 

1098 ACUCUUU CUGAUGA0GCCGAAAGGCXX5AA AUUAAAA 

1099 UACUCUU COGAtXSAGQCrGWUkGCJCCGAA AAUUAAA 



W096/IS736 PCmJS95/15S16 

TaWe BVnt Mouse 87-2 Hammeriiead Bibozyme Target Sequences 



nt 


HH Target Sequence 


Position 


47 


AcQQACU u GaACAac 


47 


aCggACC; u gaAcAAC 


66 


CUccUgU a gAcGOgU 


66 


CUCcUgU A gAcGUOu 


74 


gAcGlX^ u CcagAAc 


83 


CaGaACU U aCggaAG 


134 


caAuCcU U aOCUUUG 


134 


CaauccU U AdCUUUg 


134 


caAUCcU u AuCUUUg 


134 


CAaUccU U AUcUuUG 


134 


CAAucO; U AUcuuUG 


135 


aAuCcUU a UCUUUGU 


135 


aAuCcUU a UCUuDgu 


135 


AaUccUU A UcUuUGU 


135 


aAUccUU a UOJuOgU 


137 


uCcUUaU C UUUGUGA 


137 


UccUUAU c (hiUOUGA 


137 


UCCuUAU c uuUGugA 


139 


cUUaUCU U UGUGAca 


140 


UUaUCXn; U GUGAcaC 


140 


UUaUcuU U guGACAG 


149 


UGAcaGU c UUGCUgA 


151 


AcAGucU U GCOgaUC 


151 


AcaGuCU U gCUGaUC 


158 


UgCuGAU c UcAGaUg 


158 


UgCUGaU C UCaGaUG 


158 


UGcUgAU c uCAgaUg 


158 


UgCugAU c UCagAUg 


160 


CUGaUCU C aGaUGCU 


160 


cUGaUcU c AgAuGcU 


170 


AUScuGU u UcCgUgG 


171 


UGOXSuU u CcgUGgA 


172 


gCU^U C cgUgGAG 


189 


GcaaGcU u AUUUCaA 


189 


gCAAGCU U AUUUCAA 


189 


GCaaGCU u AuUUCAa 


190 


CAAGCUU A VUUCMdJ 


190 


CaAgcUU a uUUcaAU 


192 


AGCUUAU U OCAAUGg 


192 


aGCOUaU u UCAAUGg 


193 


GCUUAUU U CAAUGgG 


193 


GcuUAuU U CaAUOGg 


194 


CUUAUUU C AAUGgGA 





HH Tariget Sequence 


Position 


194 


cuUAuUU C aAUGGgA 


208 


acUSCaU a tICUGCcG 


2X0 


tXXIaUaU C UGCcGug 


223 


UGCCcAU U UaCAAAg 


223 


UGCcCAU u UAcAaAg 


224 


GCCcAUU U aCAAAgg 


225 


ccCAUUU a CAaAggc 


225 


CccaUUU a cAAAgGc 


242 


AAaACAU a agCcUGa 


260 


AOCUgGU A GUAUUUU 


260 


aGCXiGgU a gUAUuUU 


263 


UgGUAGU A UUUUGGC 


263 


UGgUaGU a UUuUGgC 


265 


GUAGUAU U UUGGCAG 


265 


guAGUAU u UuGGCaG 


266 


OAGUAUU U UGGCAGG 


266 


uAGUaUU U UGgcAgG 


266 


UAgUauU u UGGcAgg 


267 


AGUAUirj U GGCAGGA 


267 


AGUaUUU U GacAoGA 


286 


cAAAAotJ U GGUUCTJG 


286 


CAAaaaU U Goniinif: 


290 


AaLJLJC5C7j 1 1 rtxrziiLr^ 

*>y vy wvjN«* J \j \^ \J\j\jJ\C\j 


291 


gUUGGUU C UGuAcGA 


295 


GUUCugU a CgAGcAc 


304 


GAGcacU A uUUgGGC 


307 


cacUAUU u GGgCACA 


323 


AGAAAc'J U GAuAGUG 


343 


gCCAAGa A ccUGGGC 


343 


gCCAagU a CCUgGGc 


361 


ACgAGcU U UGAcagG 


381 


cUGgATJ c UacGACXr 


383 


GgACUcU A CGACuUc 


383 


GGACuCU a cGaCUuC 


389 


- liAcGacJ u CaCAaUG 


389 


UacGACJ 'J CACAAUg 


390 


acGACUC? C ACAAUgU 


390 


ACgAclz: c acAAUgU 


398 


ACAaUGU 'J CAgauCA 


398 


ACAAUgC U CAGAUCA 


398 


ACaAuG:; -J cagAUCA 


399 


CAaUGUu C AgauCAA 


399 


CAAUgUi: C .^UCAA 
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399 


CaAuGUU c agAUCAa 


658 


399 


caAUGUU c aGAuCAA 


658 


399 


CAaUguU c aGAUcAa 


658 


399 


cAAuGuU C aCAUcAA 


658 


399 


CAaugUU c agAUcAA 


666 


404 


UUCAGAU C AAGGACA 


666 


404 


UucAGaU c aAOGACa 


671 


418 


aUGgGCU c GUAugAU 


671 


418 


AuGGOCU c GUAUgAu 


671 


418 


AUggGCU c GUallSaU 


682 


421 


gGCUCgU a UGAuugU 


683 


421 


ggCUCgU A UgAuUGU 


683 


429 


UgAuUGU u UuAUaOV 


691 


429 


USAUuGU u UUAUaCA 


691 


431 


AuUgUaU u AUAcAAa 


691 


431 


AUuGUuU U AUaCAaA 


701 


432 


UuGChiUU A UaCAaAA 


701 


432 


UuGUUUU a UacaaAA 


703 


432 


uUGUUUU a uAcaAAA 


703 


461 


gAUcaAU u AUCCucC 


707 


462 


AucaAUU a uCcUCCA 


707 


464 


CAauUaU c CUcCaAc 


708 


467 


uUAUCcU C CAaCAgA 


709 


467 


UUauCcU C CAaCAGA 


709 


467 


UUaUccU c cAACAGA 


709 


467 


UuAuCCU C CaaCAGA 


712 


490 


GAACUGU C AGUGaUc 


712 


497 


CAGUGaU c OCcAACU 


712 


505 


GCcAACU U CAiGUgAA 


712 


506 


CcAACUU C AGOgAAC 


712 


506 


CXAaCUU C aGUgaaC 


713 


521 


CUGAAAU A aaACugg 


713 


531 


ACUGgcU c AgAaU&U 


732 


539 


agaaUGU A ACAOGaA 


732 


550 


GgAaAuU c uGGCAuA 


740 


550 


ggAAaUU C UggcAUA 


749 


557 


cniggCAU A AAUUOGA 


749 


561 


CAUAAAU U UGACXXX3 


750 


562 


AUAAAUU U GACCUGC 


750 


576 


CaCgUCU A agCAaGG 


773 


585 


gCAaOGU c ACCCgaA 


778 


597 


gaAACCU A AGAAGAU 


788 


607 


AaGaUgU a uUuUCUg 


798 


611 


UGUaUUU u cUgAuAa 


805 


625 


AcuAAOU C AACUAau 


805 


630 


UUCAACU A auGAGUA 


806 


630 


UUcAAcU A AuGAGUA 


811 


637 


AauGAGU A tX^UGaU 


811 


656 


uGCAgaU a UcAcAAg 


813 



CAGAUAU c AcaagAu 
CAgaiiAU C ACAAgAu 
CAGAuAU C aCAAGAU 
CaGAUaU c ACaAGau 
aCAAGAU A AOSUCAC 
ACAagaU a AUGucAC 
AUaAuGU C ACAGaAc 
atlAAUgU c ACAGAAc 
AUAAOSU C ACAGAAC 
gAACUgU u cAGUAUc 
aAcUGuU c aGuAUCu 
AAcUSuU c agUaUcU 
aguaUcO C CAaCAGC 
agUAUCU c CAaCagc 
aGUAucU C CAACAGc 
aCaOCcU c UcUCUUu 
acagCCU c UCOCUuU 
AGCcUcU C UcUUUCA 
aOCcUcU c UCUUuca 
UcOCUcU U UCAUUCC 
UcUCUcU u UcAUUCc 
cUCUcUU U CAUUCCC 
UCUcUUU C AUUCCCg 
UCUCUuU c auuCccG 
UCUcUuU c AUUCccg 
CUUUcaU U CcCgGaU 
cuuUCAU U cCCgGAU 
CuUucAU u CcCGGaU 
cUUUCAU U CCCgQAO 
CUUUcAU u ccCggaU 
UUUCAUU c CCgGAUg 
UUUCAUU C CCgGAUG 
GuGgcAU a UGACcGU 
GuGgcAU A 'OGACCgU 
UGACCgU u gUgUGUg 
UgWSUgU U CUGGAAA 
uGuGWU U cUggAAA 
gUGUgUU C UGGAAAC 
GuGUSOU c UggAAAc 
ugAAGaU U UcCUcCa 
aUUUcCU c caAACCu 
AAcCUCU C AAuuuCA 
UUUCaCU c aAGAGuU 
CAagAGU V UccAUcu 
CAAgAGU U uccAUcU 
AAgAGyU u ccAUcUc 
UUIXXAU C ucCUcaa 
uUUCcaU c UcCUcaA 
uCCALXTJ c CUcaAac 
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836 




U 


acAOCUU 


836 




U 


ACAGCUu 


837 


GgAGAUU 


a 


cAOCUUc 


848 


CUUCAGU 


u 


AcugtXjg 


860 


UGOCCcStI 


C 


CUcOXxg 


860 


Uggcccu 


c 


CXJCcuUg 


878 


ugCUGCU 


C 


AUCauOg 


951 


GOQGgaU 


a 


GuAAOgC 


974 


AgaCuAU 


c 


aACCUG^ 


989 


aGgaAcU 


U 


GaACOCc 


1006 


auUgCUU 


c 


aOCAAAa 


1055. 


AAAgAGU 


u 


aaAAaOU 


1056 


AaGtflgtJU 


a 


aaAAuUG 


1062 


uAAAAAU 


u 




1092 


CAgaGUU 


u 


CuCAGAA 


1095 


aGUUUcU 


c 


AgAaUOC 


1101 


UCAgAAU 


u 


caaJUiAU 


1101 


ucAGAAU 


u 


CAAaaAU 


1101 


UcAgAaU 


U 


CaAAaAu 


1111 


aAaAUGU 


U 


cUcAgcU 


1112 


AaAUGUU 


c 


UcAgcUg 


1U8 


UUgGAaU 


u 


cuACAGU 


1128 


UUGGAaU 


u 


CuaCaGU 


1131 


GAAuUCU 


a 


cAGuUgA 


1131 


GAauUCU 


a 


CAguuGA 


1141 


GuUGAAU 


a 


aUuAAag 


1144 


gaaUTUVU 


U 


AAAGAac 


1145 


AAuAaUU 


a 


aAgaACA 
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Table BIX: Mouse B7-2 Haxnmeiiiead Ra>ozyiiie Seqm 



nt HHRibozyzne Sequences 
Position 

^7 GUUGUUC ax;AW3A(3GCCXaUVAGGOCXyU^ AOJCCGU 

47 GUIKOTJC CtXyiUSAGGCCGAAAGGCCGAA ACOOCOT 

66 ACACGUC GUQADGAOCXXGAAMSGCC^ ACAOQAG 

66 ACACGUC aXSAOQAGQOCGAAAGGCOCSAA ACAGGAG 

74 GUUOJGG CUGAIX5A0QCCGAAAGGCCGAA ACACGUC 

83 CUUCCGU OXSAOGAOGCOGAAAGGOCGAA AGUUCUG 

134 CAAAOAU OIGAUGAOGCOGAAAOGOCGAA AGQAUUG 

134 CAAAGAU CUQAUSAGGCOGAAAOGCOGAA AOGAUUG 

134 CAAAGAU CU3AUGAGG0CGAAA0GCCGAA AGGAUUG 

134 CAAAGAU CUGAUGAOGCCGAAAGGCCGAA AGGAUUG 

134 CAAAGAU CUGAUGAOGCOGAAAGGCCGAA AGGAUUG 
^35 ACAAAGA OXU^IXSAGGCOCSAAAGGCOGAA AAGGAUU 

135 ACAAAGA COSAUGAGGOCGAAAOQCCGAA AAGGAUU 
135 ACAAAGA COGAWSAQGOCGAAAOGCCGAA AAGGAUU 
135 ACAAAGA CUGAUGAGGCCGAAAGGCCGAA AAGGAUU 
137 UCACAAA CUGAUGAGGCCGAAAGGCCGAA AUAAGGA 
137 UCACAAA CUGACK3A00CCGAAAGGC0GAA AUAAGGA 
137 UCACAAA COGAUGAOGCCGAAAOGCCGAA AUAAGGA 

139 UGUCACA CUGAUGAGGCCGAAAGGCCGAA AGAUAAG 
CUGUCAC CUGAUGAGGCCGAAAGGCCGAA AAGAUAA 

140 CUGUCAC CUGAU3AGGCCGAAAGGCCGAA AAGAUAA 
149 UCAGCAA CUGAUGAGGCCGAAAGGCCGAA ACUGUCA 
151 GAUCAGC CUGAUGAGGCCGAAAGGCCGAA AGACUGU 
151 GAUCAGC CUGAUGAGGCCGAAAGGCCGAA AGACUGU 
158 CAUCUGA CUGAUGAGGCCGAAAGGCCGAA AUCAGCA 
158 CAUCUGA CUGAUGAGGCCGAAAGGCCGAA AUCAGCA 
158 CAUCUGA CUGAUGAGGCCGAAAGGCCGAA AUCAGCA 
158 CAUCUGA CUGAUGAGGCCGAAAGGCCGAA AUCAGCA 
160 AGCAUCU CUGAUGAGGCCGAAAGGCCGAA AGAUCAG 
160 AGCAUCU CUGAUGAGGCCGAAAGGCCGAA AGAUCAG 

170 CCACGGA CUGAUGAGGCCGAAAGGCCGAA ACAGCAU 

171 UCCACGG CUGAUGAGGCCGAAAGGCCGAA AACAGCA 

172 CUCCACG OXjAUGAQGCOGAAAGGCCGAA AAACAGC 
189 UUGAAAU CIWAU3AQQCCGAAAOGCCGAA AQCUUGC 
189 UUGAAAU CUGAUGAGGCCGAAAGGCCGAA AGCUUGC 

189 UUGAAAU CUGAUGAGGCCGAAAGGCCGAA AGCUUGC 
1^0 AUUGAAA CUGAUGAGGCCGAAAGGCCGAA AAOCUUG 

190 AUUGAAA CUGAUGAOGCCGAAAOOCCGAA AAOCUUG 
192 CCAUUGA CUGAUGaUXKXXaUUUSGCCGAA AUAAGCU 

192 CCAUUGA CUGAUGAGGCCGAAAGGCCGAA AUAAGOJ 

193 CCCAUU3 CUGAUGAGGCCGAAAGGCCGAA AAUAAGC 

193 CCCAUUG CUGAUGAGGCCGAAAGGCCGAA AAUAAGC 

194 UCCCAUU CUGAUGAGGCCGAAAGGCCGAA AAAOAAG 
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194 UCCOVUa COGAUGAGGCXXIAAAOGCOGAA MAnAAG 

208 CXSGCAOV CIIGAUSAGGCCX^AAAGGOXAA AUGCAGU 

2X0 CACX5QCA OXSAWatfSGCCGAAAGGCXXSAA AtJAUGCA 

223 COUUGUA CUGAOSAOGCCGAAAGGCCGAA AUGGGCA 

223 CUUUSUA CUGAXXSAOGCCX^AAAOGCCGAA AOGGGCA 

224 CCUim; CUGAUGAOGCXXSAAAOGCOGAA AAUOGGC 

225 GOCDUUG CUQAUGAOGCCGAAAOGCCGAA AAAUGGG 
225 aXOUUG ClX5AIXaU3GCCGWUUX3CCGAA AAAtXSOG 
242 UCAOGOJ COGAUGAOSCCCSAAAOGCrGAA AUGUUUU 
260 AAAAUAC CUGAUGAOGCCGAAAOGCXXSAA ACCAOCU 
260 AAAAUAC CUGAUQAGGOCGAAAOOCXXSAA ACCAOCU 
263 GOCAAAA OXaUXSAOCSCCGAAAGGCCXSAA ACUACCA 
263 GCCAAAA CWSADICatfXXXGAAAGGCCGAA ACUACCA 
265 OXXCAA OKyOXSAOOCCGAAAGGCCGAA AUACUAC 

265 CtKSCCAA OX^IXSAQGCCGAAAGGCCGAA AUACUAC 

266 CCUGCCA aX5AaC»OCXXX3AAAGGCOGAA AAUACUA 
266 COXSCCA CUOAUCaGQCCGAAAGQOCGAA AAUACUA 

266 CCOGCCA CUGAtXSAGGCCGAAAGGCCGAA AAUACUA 

267 UCCUGCC CIX3AOGAGGCCGAAAGGCCGAA AAAUACU 
267 UCCUGCC CWSAUGAGGCCGAAAGGCCGAA AAAUACU 
286 CAGAACC CUGAUOAGCXXXSAAAGGCCGAA ACUUUUG 
286 CAGAACC CUGAOGAOGCCGAAAOGCCXSAA ACUUUUG 

290 CGUACAG CIK3A0GAGGCCGAAAGGCCGAA ACCAACU 

291 UCGUACA CUGAUGAGGCCGAAAGGCCGAA AACCAAC 
295 GUGCUCG CUGAUGAGGCCGAAAGGCCGAA ACAGAAC 
304 GCCCAAA CUGAUGAGGCCGAAAGGCCGAA AGUOCUC 
307 UGUGCCC CUGAUGAGGCCGAAAGGCCGAA AAUAGUG 
323 CACOAUC CUGAUGAGGCCGAAAGGCCGAA AGUUUCU 
343 GCCCAGG CUGAUGAGGCCGAAAGGCCGAA ACUUGGC 
343 GCCCAGG CUGAUGAGGCCGAAAGGCCGAA ACUUGGC 
361 CCUGUCA CUGAUGAGGCCGAAAGGCCGAA AGCUCGU 
381 AGUCGUA CUGAUGAGGCCGAAAGGCCGAA AGUCCAG 
383 GAAGUCG CUGAUGATOCCGAAAGGCCGAA AGAGOCC 
383 GAAGUCG CUGAUGAGGCCGAAAGGCCGAA AGAGUCC 
389 CAUUGUG CUGAUGAGGCCGAAAGGCCGAA AGUCGUA 

389 CAUUGOG aXSAUGAGGCOaUVAGGCOGAA AGUCGUA 

390 ACAUUGU CUGAUGAGGCCGAAAGGCCGAA AAGUCGU 
390 ACAUUGU CUGAUGAGOCOGAAAGGCCGAA AAGUCGU 
398 USAUCOS CIX3AUGAGOCXX3AAAOOCCGAA ACAUUGU 
398 UGAUCUG CUGAUGAGGCCGAAAGGCCGAA ACAUUGU 

398 UGAOCUG CUGAUGAGGCCGAAAGGCCGAA ACAUUGU 

399 UUGA0CU CUGAUGAGGCCGAAAGGCCGAA AACADUG 
399 UOGAUCU CUGAtXMGCCGAAAGGCCGAA AACADUG 
399 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADUG 
399 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADUG 
399 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADUG 
399 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADUG 

399 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADUG 

404 UGUCCUU CUGAUGAGGCCGAAAGGCCGAA AUCUGAA 
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404 
418 
418 



OWOCUU COCSM«M(XCGAAAGCJCCGAA AOCOQAA 
A"=Mac CUSAW3A0GCCXSAAAG00CGAA AOCOCaU 
A"CM»C CUGaaSJWSOXXaUUkQGCCGAA AQcxxao 

418 AUCAUJkC C0G»K»(3GCCXaAAG0CCGAA AGCCC3VU 

421 ACAAIKA CWSAWSAGaxxaujuaxCGAA ACGACCC 

421 ACAMICA OJGBVOGAOCSCCGAAAGGCCGAA ACG»GCC 

429 UGUAUAA COaAWSAaXXXaVAAOQOCGAA ACAAUCA 

429 W»A«AA OXaiKMCXXXSAAAOSOC^ 

431 oooamu cwayasaoGccoAAAGGCcxsAA aaacaau 

431 UOOOOAa COGa«K3A01XW3AAAOGaxSAA AAACAAU 

432 UUUUSUA CWSWXauSOCOGAAAGGCCXSAA AAAACAA 
432 WJUWJUA aXSKXMSOCXySMMSOCC^ AAAACAA 
432 trouWSOA aWADSAOOXGAAAGGOCGAA AAAACAA 

461 GCSAOau COSWXSRGGCCGAAAOCXXXSAA AODGAOC 

462 U3QAGGA CWSaUGAGOCCCAAAGGCCGAA AAOUGAU 
464 GUOGGAG CW3AUQAGGCCGAAAGGCa»A AUAAOUG 
467 OCOGUWS COSAUSAGOCCGAAAQGCCGAA ACSGAOAA 
467 OOXSOUQ OXattWAGIXXXaAAGQOCGAA AOGAUAA 
467 UCOGUUS CWSAaOAGGCCGAAAGGCCGAA AOGAUAA 
467 UCUG0O3 CUGAWSAGOCCGAAAGGCCGAA AOGAUAA 
490 GAUCACU CUGAOGAGOCCGAAAGGCCGAA ACAGUUC 
497 AGOUGGC COGAUGAGGOCXSAAAOOCCGAA AUCACUG 

505 UUCAOX! CIJGAUGAQQCCGAAAGQCCGAA AGOUDGC 

506 GUUCACU aWAUGAQGCCGAAAGGCCGAA AACUUOG 
506 GUUCACU CUGAUGAOGCCGAAAGOCCGAA AAGUUGG 
521 CCAGUUU CUGA0GAQC3CCGAAAGGCCGAA AUUUCAG 
531 ACAUUCU CUGAUGAOGCCGAAAGOCCGAA AGCCAGU 
539 UUCCUGU COGAOGAGGCOGAAACSOCGAA ACAUUCU 
550 UAUGCCA CUGAUGAOGCfcGAAAGGCCGAA AAUUUCC 
550 UAUGCCA CUGAOGAOGCCGAAAGGCCGAA AAUUUCC 
557 UCAAAUU CUGAUGAGOCCGAAAGGCCGAA AUGCCAG 

561 CAGGUCA CUGAUGAGGCCGAAAGGCCGAA AUUUAUG 

562 GCftGGW: CUGAOSAGGCCGAAAGGCCGAA AAUUUAU 
576 CCUUGCU CUGAOSAGGCCGAAAGGCCGAA AGACGUG 
585 UUOOGGU CUGAUGAGGCCGAAAGGCCGAA ACCUUOC 
597 AUCUUCU CWSAW»OGCCGAAAGGCCGAA AGGUUUC 
607 CAGAAAA CUGAUGAGGCCGAAAGGCCGAA ACAOCUU 
611 UUAUCAG CUGAUGaOGCCGAAACGCCGAA AAAUACA 
625 AOUAOIU CUGAUGAGGCCGAAAGGCCGAA AAUUAGU 
630 UACUCAU CUGAUGAGGCCGAAAGGCCGAA AGUUGAA 
630 UACUCAU CUSAUSAGGCCGAAAGGCCGAA AGUUGAA 
W7 AUCACCA CUGAaOAGGCCGAAAOGCCGAA ACUCAUU 
656 , CUUGUGA CUGAOSAGGCCGAAAGGCCGAA AUCUGCA 
658 AUCUUGU CUGAUGAGOCCGAAAGGCCGAA AUAUCUG 
658 AUCUUGU COGAOGAGOCOGAAAGGCCGAA AUAUCW3 
658 AUCUUGU CUGAUGAGGCCGAAAGGCCGAA AUAUCUG 
658 AUCUUGU CUGAUGAGCXTGAAAGGCCGAA AUAUCUG 
666 GOGACAU CUGAUGAOOCCGAAAOGCCGAA AUCUUGU 
666 GUGACAU CUGAUGAOOCCGAAAOGCCGAA AUCUUGU 
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671 
671 
671 
682 
683 
683 
691 
691 
691 
701 



703 
707 
707 
708 
709 
709 
709 
712 



<5^WXJGU CXXSAWSAOCXXXaUUWSGCCGAA ACAUUMJ 
GTOCUGQ OXSAUGAGCXXXSAAAGGCXXSAA ACADUAU 
^^'^^^CWS COGMX3AOC3CXGAAAGC50CGAA ACAGUUC 
AfiftUROJ CO(a«KMaXX3AAAOCX»5A^ AACAGUU 
AGAUACO OKSADGWXXXXSAAAGQCXXSAA AACAGUU 
QCWSUro OXSAUGAGOOCGAAAOGCCGAA AfiAUACO 
GCrouUS CUGAW3JUXXX»AAAGGCCGAA AGAUACU 
^^CWSOTO ClXatfWAOGCCGAAAflGCCGAA AGAUACU 
AAAGAGA OXlAtmGOCCGAAAOQCCGAA AOGCUGU 
701 AAAGAGA CWSADGAOCXXGAAAGGCCGAA AGGCUGU 

703 U3AAAGA CTOAUSAGGCCGAAAGCSCOGAA AGAGGCU 

"t^^AAAGA Ca3tf«JSAOSOCXaUUU30CX3GAA AGAOOCU 
QGWtflSA CTOAUGAGOrGAAAOGCCGAA AGAGAGA 
COSAUSAOGCCGAAAGOCCGAA AGAGAGA 
GGGAAOS CUGAUQAGGCCQAAAGGCCGAA AAGAGAG 
^^OOQ'^ COGAUGAGGCCGAAAGGOCGAA AAAGAGA 
^^^50GAAU CUGAUGAGGCCGAAAGGCCGAA AAAGAGA 
CGQGAAU CUGAUGAOGC06AAAOGCCGAA AAAGAGA 
AUCCGQG CUCaUGAOQCCGAAAGGOCGAA AUGAAAG 
AUCOCSQG CUGSAUCSAOGCCGAAAGGCCGAA AUGAAAG 
712 ADCOGGG CUGAUGAGGCCGAAAGGCCGAA AUGAAAG 

712 AUCCGGG CUGAUGAGGCCGAAAGGCCGAA AUGAAAG 

712 AUCOGOG CUGAUGAGGCCGAAAGGCCGAA AUGAAAG 

713 CAUOOGG CUGAUGAGGCCGAAAGGCCGAA AAUGAAA 
713 CAUCCGG CUGAUGAGGCCGAAAGGCCGAA AAUGAAA 
732 ACGGUCA CUGAUGAGGCCGAAAGGCCGAA AUGCCAC 
732 ACGGUCA CUGAUGAGGCCGAAAGGCCGAA AUGCCAC 
740 CACACAC CUGAUGAGGCCGAAAGGCCGAA ACGGUCA 

""^^'^^ COGAUGAGGCCGAAAGOOCGAA ACACACA 
^^"^^CCAG CUGAUGAGGCCGAAAGGCCGAA ACACACA 
roUUCCA CUGAUGAGGCOGAAAGGCXX»A AACACAC 
<^^J^^UCCA CUGAUGAGGCCGAAAGGCCGAA AACACAC 
^^«»GGA CUGAUGAGGCCGAAAGGCCGAA AUCUUCA 
^^OCSMJG CUGAUGAGGCCGAAAGGCCGAA AGGAAAD 
CUGAUGAGGCCGAAAGGCCGAA AGAGGCU 
AACUCUU CUGAUGAGGCCGAAAGGCCGAA AGUGAAA 
AGAUGGA CUGAUGAGGCCGAAAGGCCGAA ACUCUUC 
AGAUOGA CUGAUGAGGCCGAAAOGCCGAA ACUCUUG 
»GAUGG CUGAOGAGGCOGAAAGGCCGAA AACUCUU 
^^^^^^AOGA CUGAUGAGGCCGAAAGGCCGAA AUGGAAA 
UWyuSGA CUGAUGAGGCCGAAAGGCCGAA AUGGAAA 
813 GUUUGAG CUGAUGAGGCCGAAAGGCCGAA AGAUGGA 

836 AAGCUGU CUGAUGAGGCCGAAAGGCCGAA AUCUCCU 

836 AAGCUGU CUGAUGAGGCCGAAAGGCCGAA AUCUCCU 

837 GAAGCUG CUGAUGAGGCCGAAAGGCCGAA AAUCUCC 
^^CACAGU CUGAUGAOGODGAAA^ 

CAAGGAG CUGAUGAGGCCGAAAGGCCGAA AGGGCCA 
CAAGGAG CUGAUGAGGCCGAAAGGCCGAA AGGGCx::a 



749 
749 
750 
750 
773 
778 
788 
798 
805 
80S 
806 
811 
811 



837 
848 

860 
860 
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878 CAAIIQAU OlGArxaVGGCXXyUlAGOCCGAA AGCAGCA 

551 GOGDUAC COaAIXyVOGa:GAAAaOCCX3AA AWXCXSC 

974 UCAGGUU CUGAlXaUXXXGAAAOGCCGAA AUACOOI 

989 GGOGUUC CXXMXMXXXXSPMCSOOCXS^ AGUUCCU 

1006 UOOTQOT ai»W5A0QCCQAAAGGCXX»A AAGCAAU 

1055 AAUOUUU COCaiUGAOOCCGAAAGGCCGAA ACUCUUU 

1056 CAAUUUU OXSAIXSAGCXXXSAAAGQOCGAA AACUCUU 
10^2 GCAAAGC COSAOGAGGCCGAAAGOOOGftA AUUOUUA 
1092 UUCW3AG CW3AIJGAOC«X3AAAGC»XX3A^ AACOCUG 
1095 GAAUUCU C»SAUGAOQCXXaUUU3GOCX5AA AGAAACU 
1101 AUUUOWS CUGAtXaU5QCX:GAAAGGQCGAA AUUCUGA 
1101 AUUUUU5 aX3AIX3JU30CCX3AAiUXX^^ AUUCUGA 
1101 AUUUUIXS OXSAUGAOGCOGAAAOOCrGAA AUUCUGA 

1111 AGCOSAG COGAtXSAOGCOGAAAOOOOGAA ACAUUUU 

1112 CAGCTOA ajaAOBAGOCCGAAAGGCCGAA AACAUUU 
1128 ACUGUAG CUGAUGAGGCCGAAAGGCCGAA AUUCCAA 
1128 ACU5UAG CUGAOGAOGCOGAAAGGCCGAA AUUCCAA 
1131 UCAAOX; CUGAIXa^XRXGAAAQGCCGAA AGAAUUC 
1131 UCAACUG CUGAUQAOGCOGAAAOQCCGAA AGAAUUC 
1141 CUUUAAU CUGAUGAGGCCGAAAGGCCGAA AUUCAAC 
1^^^ GUUCUUU CUGAUGAGGCCGAAAGGCCGAA AUUAUUC 
1145 UGUUCUU CUGAUGAGGCCGAAAGGCCGAA AAUUAUU 
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Table BX: Human CD40 Hammerhead Ribo2yme Target Seqi 



luences 



nt 
Position 

9 

24 
37 
39 
44 

53 

54 

57 

63 

74 

77 

68 
101 
105 
139 
143 
146 
153 
162 
163 
165 
166 
208 
209 
227 
228 
231 
247 
248 
251 
292 
308 
314 
315 
320 
337 
353 
381 
407 
418 
424 
433 
434 



HH Target Sequence 



CCUCGCU 
CAGUGGV 
OCXVGGU 
COGGUCU 
CUCACCU 
CCADOGU 
CAUGGUU 
OGUUCGU 
UOJGCCU 
AGUOCGU 
GCGUCOJ 
GGCUGCU 
CXXX:OGU 
UGOCCAO 
AAACAGU 
AGUACrU 
ACOJAAU 
AAACACa 
GUGCOGU 
OGCUGUU 
CUGUUCU 
UGUUCUU 
ACAGAGU 
CAGAGUU 
AAUGCCU 
AUGCCUU 
CCUUCCU 
AGCX3AAU 
GCGAAUU 
AAUCICCU 
CACAAAU 
CCAACCU 
UAGOGCU 
AGGGCW 
UUOGGGU 
GGCACOJ 
ACACCAO 
GCACUGU 
CCUGUGU 
CACX^GCU 
UCAUGCU 
CCCGGCU 
CCGGCUU 



C GGGCGCC 
C OXSCOGC 

c tx:ACx:oc 

C ACCUOGC 
C OCCAOSG 
U OGOCOGC 
C GOCOQOC 

usccocu 

UGCAGUG 

axxxxsG 

UGGOQCU 
U GCUGACC 
C CAUCCAG 
C CAGAACC 
A CCUAAUA 
A AtXAAACA 
A AACAGUC 
C AGUGOX; 
U CUUUGOG 
C UUUGUGC 
U UGUGCCA 
U GUGCCAG 
U CACUGAA 
C ACXX3AAA 
U CCOUGCG 
C CUUGOGG 
U GCGGUGA 
V CCUAGAC 
C CUAGACA 
A GACAOCU 
A CUG03AC 
A GGGCUOC 
U CXX3GUCC 
C OGGUCCA 
CAGCAGA 
AGAAACA 
UGCACXrU • 
(DGAGUGA 
CUOCACC 
AUGCUCG 
GCtXGGC 
U UGGGGUC 
U GGGGUCA 



nt 
Position 

440 

449 

453 

461 

462 

463 

468 

473 

491 

496 

497 

499 

500 

502 

511 

514 

519 

520. 

521 

531 

537 

566 

599 

602 

609 

618 

641 

647 

650 

652 

653 

659 

664 

665 

671 

674 

676 

686 

688 

689 

690 

692 

720 



HH Taiget Sequence 



UUOGGGU C 
AGCAGAU U 
GAUUGCU A 
CAOGOGU U 
AGGGGUU U 
GGGGUUU C 
UUCUGAU A 
AUACCAU C 
GCCCAGU C 
GCTCGGCU U 
UCGGCUU C 
GGCUUCU U 
GCUUCUU C 
UUCUUCU C 
AAUGUGU C 
GUGUCAU C 
AUCUGCU U 
UCUGCUU U 
CUGCUUU C 
AAAAUGU C 
UCACCCU U 
ACXrUGGU u 
CUGAUGU U 
AUGUUGU C 
CUGUGGU C 
CCAGGAU C 
UGGUGAU C 
UCXCCAU C 
CCAUCAU C 
AUCAUCU U 
UCAUCUU C 
UCGGGAU C 
AUCCUGU U 
UCCUGUU U 
UUGCCAU C 
CCAUCCU C 
AUCCUCU *J 

UGCUSGU C 

CUOGUCU U 
UGGUCUU U 
GGUCUUU A 
UCUUUAU C 
AACCAAU A 



AAOCAGA 
GCUACAG 
CAGGOGU 
IXirUGAUA 
CUGAUAC 
UGAUACC 
CCAUCUG 
UGCGAGC 

GGaKx::u 
cuucucc 

UUCUCCA 
OKTAAU 
UCCAADG 
CAAOGUG 
AUCUGCU 
UGCUUUC 
UCGAAAA 
OGAAAAA 
GAAAAAU 
ACCCUUG 
GGACAAG 
GUGCAAC 
GUCUGUG 
U3UGGUC 
CCCAGGA 
GGCUGAG 
CCCAUCA 
AUCUUCG 
UUCGGGA 
CGGGAUC 
GGGAVXrC 
CUGUUUG 
UGCCAUC 
GCCAUCC 
CUCUUGG 
UUGGUGC 
GGUGCUG 

UUUAUCA 
UAUCAAA 
AUCAAAA 
UCAAAAA 
AAAAAGG 
AGGCCCC 
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755 


AGQAGAU C AAtlUUUC 


759 


GAUCAAU U UUCCOG^ 


760 


MJCAAUU 0 UOCOGAC 


761 


UCAAUUU U CCCGAOS 


762 


CAAUUUU C CXX3A0GA 


771 


CGACGAU C UUCXrUGG 


773 


AQ2ADCU U OCUQtm 


774 


CGAUCUU C CQGCSGUt! 


781 




795 




810 


GGAGACU U UACAUOG 


811 


GAGACUU U ACAUGG^ 


812 


AGACUUU A CAUGGAU 


830 


AAOCGGU C ACCCAOG 


855 


AGAGAGU C GCAUOX: 


860 


GUCGCAU C OCAGUQC 


862 


CGCAUCU C AGUGCAG 


927 


AOGCAGU U QGCCAGk 


981 


GGGAGCa A tJGCCCAG 


990 


GCCCAGU C AGOGCXIA 
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Table BXL Human CD40 Hanimeriiead Bibo^me Sequences 



nt HHRibozyme Sequences 

Position 

9 GGCGccc cugauc»uxxxx;aaaoocogaa agogaog 

24 GCGGCAG CUGAOGAOXXXSAAAOOCOGAA ACCACUG 

37 GAOGOSA CUGA0GAO0COC5AAAOG0CGAA ACCAGGC 

39 GCGAOGU ClX^AUGAOGCCGiUUUSGCXZGAA AGACCAG 

44 CCAUGGC CUGAUGAGCXXX^AAAOGCXXM iUSGUGAG 

53 GCAGACX3 CUGAIX3AGCXXX3AAAGOOOGAA AOCAOGG 

54 OGCAGAC CUSAOSAGGCX^GAAAOGCXXSAA AACCAUG 
57 AGAGGCA CUGADGA0GCCGAAA0GCX3GAA ACGAACC 
63 CAO^GCA OX^AUGAOOCOGAAAOGOCGAA AGGCAGA 
74 CCCAGAG CUGAUGAGGCCGAAAOQCX^GAA AOGCAOJ 
77 AGCCCCA CUGAUGAGGCXX^AAAOGCCGAA AGGAOGC 
88 GGUCAGC CUGAUGAOGCOGAAAGGCXZGAA AGCAGCC 
101 CUGGAUG CUGAIKSAGGCCGAAAGGCCGAA ACAGCOG 

105 GGUucuG cugaugaggcx:gaaaggccgaa AOGGACA 

139 UAUUAQG CUGAUGAGGCXX3AAAGGCCX3AA ACUGUW 

143 UGUUUAU CUGAUGAGGCCGAAAGGCCGAA AGGOACU 

146 GACUGUU OT3AUGAQGCCGAAAGGCXXSAA AUUAGGU 

153 CAGCACU CUGAUGAGGCCGAAAGGCCGAA ACUGUUU 

162 CACAAAG CUGAUGAGGCCGAAAGGCCGAA ACAGCAC 

163 GCACAAA CUGAUGAGGCOGAAAOGCCGAA AACAGCA 

165 UGGCACA CUGJUIGAGGCCGAAAGGCCGAA AGAACAG 

166 CUGGCAC CUGAUGAGGCCGAAAGGCCGAA AAGAACA 

208 UUCAGUG CUGAUGAGGCCGAAAGGCCGAA ACUCUGU 

209 UUUCAGU CUGAUGAGGCCGAAAGGCCGAA AACUCUG 

227 CGCAAGG CUGAUGAGGCCGAAAGGCCGAA AGGCAUU 

228 CCGCAAG CUGAUGAGGCCGAAAGGCCGAA AAGGCAU 
231 UCACCGC CUGAUGAGGCCGAAAGGCCGAA AGGAAOG 

247 GUCUAGG CUGAUGAGGCCGAAAGGCCGAA AUUCGCU 

248 U3UCUAG CUGAUGAGGCCGAAAGGCCGAA AAXJUOGC 
251 AGGUSUC CUGAUGAOGCCGAAA00006AA AGGAAUU 
292 GUCGCAG CUGAUGAGGCCGAAAGGCCGAA AUUUGUG 
308 GAAGCCC CUGAUGAGGCCGAAAGGCCGAA AGGUUGG 

314 GGACCCG CUGAUGAGGCCGAAAGGCCGAA. AGCCCUA 

315 U3GACCC CUGAUGAGGCCGAAAGGCCGAA AAGCCCU 
320 UCU3CU3 CUGAUGAGGCCGAAAGGCCGAA ACCOGAA 
337 UGUUUCU CUGAUGAGGCCGAAAGGCCGAA AGGUGCC 
353 AGGUGCA CUGAUGAGGCCGAAAGGCCGAA AUGGUGU 
381 UCACUCG CUGAUGAGGCCGAAAGGCCGAA ACAGOGC 
407 GGOGCAG CUGAUGAGGCCGAAAGGCCGAA ACACAOC 
418 CGAGCAU CUGAUGAGGCCGAAAGGCCGAA AGCOGUG 

424 GCCGGGC aXSAUGAGGCCXyUUUQCCm AGCAUCA 

433 GACXXCA CUGAUGAGGCCGAAAGGCXXJAA AGCCOGG 

434 UGACCCC CUGAUGAGGCCGAAAGGCCGAA AAGCCGG 
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OOXXOU OTGMX3AGaxX3WUtf«^^ ACOCCAA 
OJSUAGC CTOAUC»0CXXX3AAAGG0CGAA AOCOGCU 

^53 Acccax; oxsaugaocxxxsaaaggccgaa agcaadc 

461 UAUCAGA CUGAU3AC»XX3tfUU^GCKXX3J^ ACCCCUG 

462 GUAUCAG OTCMX3AGGCCGAAAGGCXXAA AACCCCU 

463 GGUAUCA COGAWSAGCXXX^AAAOXCGAA AAACCCC 
468 CAGAU3G OX^AUSJUXXXXyuUUXX^^ AUCAGAA 
473 GCUOGCA CWaiKSAOSCCGAAAGGCOGAA AOGGUAU 
491 AGAAGCC COGWX3AGGCOGAAAOGC30GAA ACUGOGC 

496 OCSAGAAG CWMXSaUXXXXSAAAGOX^ AGCCGAC 

497 UGGAGAA CUGAlXSAGGCCGAAAGGCCXyUl AAGCCGA 
AUIKJGAG CUGAtXSAGGCCGAAAGGCCGAA AGAAGCX: 

500 CAUUGGA aX3AOGAOGCCGAAAGC5COCSAA AAGAAGC 

502 CACAUUG OXSAOSAGCXXGAAAOGCXMU^ AGAAGAA 

511 AGCAGAU C0GAraW3QCCGWUU«^^ ACACAUU 

514 QAAAGCA CUGAlXyVGGCCGAAAGGCCGAA AUGACAC 

519 UUUUCGA CUGAUGAGGCXX5AAAGGCCGAA AGCAGAU 
UUUOTCG CUGAUGAQGCCGAAAGGCCGAA AAGCAGA 

521 AUUUUUC CUGAUGAQGCCGAAAGGCXGAA AAAGCAG 

531 CAAGGGU CUGAOGAGGCCGAAAQGCCGAA ACAUUUU 

537 CUUGOCX: CUGAUGAGGCCGAAAGGCCGAA AGGGUGA 

566 GUUGCAC CUGAUGAGGCCGAAAGGCXGAA ACCAGGU 

599 CACAGAC CUGAtX3AGGCCGAAAGGCCGAA ACAOCAG 

602 GACXZACA CUGAUGAGGCCGAAAGGCTGAA ACAACAU 

609 UCCUGQG CUGAUGAGGCCGAAAGGCCGAA ACCACAG 

618 CUCAGCC CUGAUGAGGCCGAAAGGCCGAA AUCCUGG 

641 UGAUGGG CUGAUGAGGCCGAAAGGCCGAA AUCACCA 

' CGAAGAU CUGAUGAGGCCGAAAGGCCGAA AUGGGGA 
UCCCGAA CUGAUGAGGCCGAAAGGCCGAA AUGAUGG 

652 GAUCCCG CUGAUGAGGCCGAAAGGCCGAA AGAUGAU 

653 GGAUCCC CUGAUGAGGCCGAAAGGCCGAA AAGAUGA 
659 CAAACAG CUGAUGAGGCCGAAAGGCCGAA AUCCCGA 

664 GAUGGCA CUGAUGAGGCCGAAAGGCCGAA ACAGGAU 

665 GGAUGGC CUGAUGAGGCCGAAAGGCCGAA AACAGGA 
671 CCAAGAG CUGAUGAGGCCGAAAGGCCGAA AUGGCAA 
674 GCAOCAA CUGAUGAGGCCGAAAGGCCGAA AGGAUGG 
676 CAOCACC CUGAUGAGGCCGAAAGGCCGAA AGAGGAU 
686 UGAIIAAA CUGAUGAGGCCGAAAGGCCGAA ACCAGCA 

^^^^"A CUGAtX»GGCCGWlAGGCCGAA AGACCAG 
WUUGAU OXSAUGAQGCCGAAAGGCCGAA AAGACCA 
OUUUUaA CUGAUGAGGCCGAAAGGCCGAA AAAGACC 
692 CCUUUUU CUGAUGAGGCCGAAAGGCCGAA AUAAAGA 

^20 GGGGCCU CUGAUGAGGCCGAAAGGCCGAA AUUGGUU 

755 GAAAAUU CUGAUGAGGCCGAAAGGCCGAA AUCUCCU 

759 UCOGGAA CUGAUGAGGCOGAAAOGCCGAA AUUGAOC 

<^^^X=X3GG?i CUGAUGAGGCCGAAAGGCCGAA AAUUGAU 
C<3UCGGG CUGAUGAGGCCGAAAGGCCGAA AAAUUGA 

UCGUCGG CUGAUGAGGCCGAAAGGCCGAA AAAAUUG 
CCAGGAA CUGAUGAGGCCGAAAGGCCGAA AUCGUCG 



688 
689 
690 



760 
761 
762 
771 
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773 AOOCAOa OXSAIXSAQGCCGAAAOGCCGAA AGAUCGU 

774 GAOCCAG CUQ^UQAOOCOGAAAOGOCGAA AAGAUCG 
781 AGUGUU8 COGAUSAOXXXyUUUSGCCGAA AOCCAGG 
795 OQCACUG Ca3MJ0t^3X0GfAl\a^ AGCAGOV 

810 CCAUGIA aX»IX»OGCOGAAAO0C?0QAA AGUOKT 

811 UCCAUGU OJSAraUXXXXaUUVGGCCGAA AAGUCUC 

812 AOCCAUG CUSAUGAOGGCXSAAAOGCOQAA AAAlSUCU 
830 OCUGQGU OIQAXXttOGOOGAAAOGCXXSAA ACCX3GUU 
855 GSAGAUGC aX»IIGJtfXKX!QAAAOQCC)GAA ACUCUCU 
860 QCACUGA CUGAUGAOCXXXAAAOOCiXAA ADGC6AC 
862 CUSCACU CUGAUQAOQXGAAAOGCCGAA AGAUQOG 
927 UOXSGCC OXSAUGAOGCXZQAAAGGCOGAA ACCXSCCa 
981 OIGGGCA CUGAOSAQGCCGAAAGGCOGAA AQCUCOC 
990 tXSGCACa CUSAUSAOCXXX^AAOGCOGAA ACUGGGC 



wo 9d/18736 



209 



PCTAJS9S/15S16 



Table BXIt Mouse Ca>40 Hammerhead Ribozyme Tai^et Sequences 



Position 

18 

18 

24 

38 

62 

62 

66 

80 

80 

81 
100 
126 
127 
170 
208 
209 
233 
267 
267 
275 
275 
276 
281 
261 
314 
354 
386 
394 
394 
395 
429 
434 
434 
441 
452 
452 
457 
458 
460 
461 
463 
472 
472 



CSCSOgucU u UGOOJCg 
GGuguCU u USCCucG 
UutXSCCU C gGCuGOG 
GCGcgOJ a OGQQOCU 
CagcGGU c CaUCUag 
CaOCgOJ C CAUCUAG 
C uAGggCa 
AGCGuGU u acgUOca 
AgtXSUGU u AcgUGCa 
gUGugUU a CgUGCaG 
AAACAGU A CCUccac 
CUGOgaU U UGUGCCA 
UGUgaUU U GUGCCAG 
CAgcUcU u gaGAaGA 
g<2CGAAU U CucAGcC 
GCGAAUU C ucAGcCc 
gGGAGAU u cgcUgUC 
ACCcAAU c AAggGcu 
AcCCAAU c AaGggCu 
aAGGGCU U CGGGUua 
A^GGGcU U CgGgUua 
/^.•'•".^CUU C GGGUuaA 
UaCGGGU u aAGaAGg 
UUcGGGU u AAGaAGg 
ACACugU C UGuACCU 
caAgGaU u OCgaGGC 
cCugUaU c CCUGGCU 
CCUgGCU u uGGaGuu 
CCuGGCU U UGGaGCJu 
CuOGCUU U GGaGOuA 
caCUGAU A OCgUCOG 
AUACC3gU C UGucAuC 
AUaCcGU c UGuCAUC 
CugUCaU C CcuGCcC 
GCCCAGU C GGCUUCU 
GCCCAGU C gGcuuCu 
GUCGGCU U CUUCUCC 

ucGGcuu c uuorccA 

GGCUUCU U CUCCAAU 
GCUUCUU C UCCAAUc 
UUCUUCU C CAAOcaG 
AAuCAGU C AucaCUu 
AAUcagU c auCACuU 



nt 
Position 

479 
480 

481 . 

481 

492 

560 
563 
572 
572 
577 
620 
626 
632 
632 
634 
635 
635 
635 
647 
649 
651 
653 
735 
759 
794 
794 
819 
824 
826 
876 
913 
997 
1003 
1003 
1023 
1048 
1052 
1081 

1084 
1086 
1097 
1098 
1118 



HHTaxsetSequi 



cAUCAcU 
AUCacuU 
OCacuUU 
UCACuuU 
AAAgUGU 
CUaAUGU 
AUGUcaU 
gUGGUliU 
GuGGUUU 
UuAAagU 
TOGgcAU 
UCCuCAU 
uCAcCAU 
UcaCCAU 
AcCAUiU 
CCaUuuU 
cCAUuUU 
CCAUuuU 
UGuUucU 
uUucUCU 
ucUCUaU 
UCUaUAU 
gGAaGAU 
cGCUGCU 
AgCCuCU 
AGcCuGU 
AGAGAGU 
GUCGCAU 
CGCAUCU 
CCCUGGU 
GGOJGCU 
CUCAaCU 
UUGCUUU 
uugCUUU 
gaAAgCU 
CAGuGaU 
gAUauCU 
CCAGagU 

gAGUuGU 
gUug'JCU 
gCgGcGU 
CgGcGUU 
cgUcC-CU 



ence 



U^ UUCgaaA 
U tICGAAAA 
U OGAAAAg 
U cGAaAAG 
u AuCCcUG 
c aUCUGUG 
C U3UGGUU 
a AagUCcC 
a aagUcCC 
c CCgGAuG 
C CuCAUCA 
C AcCaUuu 
u UUCGGGg 
u uUCggGG 
U CGGGgUg 
c GgGGUGu 
C GGGgUgu 
C ggGGUGu 
C UaUAUCA 
a UAUCAAA 
A UCAAAAA 
C AAAAAGG 
u aUCCcGG 
C CAGUGCA 
ACaCAGG 
acaCAGg 
GCAUCUC 

AGUGCAG 
UgAaCcC 
GCUGACC 
GCuuUuu 
uAAggAU 
uAaGGAU 
OGGCaUC 
UCUaccA 
CCaaGuG 

GuCUugc 
uUGCuGC 
GcOGCgG 
CACUGuA 
ACUGuAA 
CAGGaGU 
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1118 


CgtXSQCU a CAooAoU 


1141 


CgCaGCU u diXSCOCG 


1164 


aCCUGolT u onrmr» 


1202 


UGuAAtnj A fiiiriATiAP 

****** a wwwouow 


1220 




1220 


OGCAuCXJ C AfiAAA^ 


1228 




1253 




1331 




1362 




1373 


gOGaCUU c AU^rguAA 


1373 


GgOAOJU c AugguaA 


1413 


uUSCmu u tlSaceOC 


1443 


GUaaUGU a CcccGUG 


1470 . 


CACAuAU c OJaaaAu 


1452 


GugGUQU a uCXSuAga 


1457 


GuAuUGU A gaAaUtiA 


1508 


auUauUU a aUCcOOC 


1508 


AUuAuUU a auCCGcC 


1523 


cuOGGuU u CUaccUS 
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Table BXim Mouse CD40 Hammerhead Ribo2yme Sequ( 



ences 



HHRiboaymeSequeiioe 

18 CXSAGGCA COCaOIGAaQCXXSWVAOQCXXSAA AGACACC 

18 CGAGGCA aK5AW»U30CrGAAAGGCCGAA AGACACC 

24 CACAGCC COSAXXSAOCXX^AAAGCSCCGAA AGGCAAA 

38 AGCCCCA OXSAUGAGCSCCGAAAGGCCGAA AGCGCGC 

62 CUAGAIX; COGAUGAGGCCGAAAGGCCGAA ACCGCUG 

62 CUAGAW3 OXSAUGAOQCOGAAAGGCXXSAA ACCGCUG 

66 OGCCCUA CCXSAOSAOCXXSGAAAOGCCGAA AtXSGACC 

80 tXSCAOGU CUGAUSAGGCCGAAAGGCCGAA ACACACU 

80 IX3CACGU CUGAUGAGGCCGAAAGGCCGAA ACACACU 

81 CUGCACG CUGAUGAGGCCGAAAGGCCGAA AACACAC 
100 GUGGAGG CUGAUGAGGCCGAAAGQCOGAA ACUGUUU 

126 UGGCACA CUGAUGAGGCCGAAAGGCCGAA AUCACAG 

127 CUGGCAC CUGAUGAGGCCGAAAGGCCGAA AAUCACA 
170 UCUUCUC CUGAUGAGGCCGAAAGGCCGAA AGAGCUG 

208 GGCUGAG CUGAUGAGGCCGAAAGGCCGAA AUUCGCC 

209 GGGCUGA CUGAUGAGGCCGAAAGGCCGAA AAUUCGC 
233 GACAGCG CUGAUGAGGCCGAAAGGCCGAA AUCUCCC 
267 AGCCCUU CUGAUGAGGCCGAAAGGCCGAA AUUGGGU 
267 AGCCCUU CUGAUGAGGCCGAAAGGCCGAA AUUGGGU 
275 UAACCCG CUGAUGAGGCCGAAAGGCCGAA AGCCCUU 

275 UAACCCG r.^Tv.UGAOQCCGAAAGGCOGAA AGCCCUU 

276 UUAACCC C •C;rfiUGAGGCOGAAAGGCCGAA AAGCCCU 
281 CCUUCUU CUGAOSAGGCCGAAAGGCCGAA ACCCGAA 
281 CCUUCUU CUGAUGAGGCCGAAAGGCCGAA ACCCGAA 
314 AGGUACA CUGAUGAGGCCGAAAGGCCGAA ACAGUGU 
354 GCCUCGC CUGAIK^GGCCGAAAGGCCGAA AUCCUUG 
386 AGCCAGG CUGAUGAGGCCGAAAGGCCGAA AUACAGG 
394 AACUCCA CUGAUGAGGOCGAAAGGCCGAA AGCCAGG 

394 AACUCCA CUGAUGAGGCCGAAAGGCCGAA AGCCAGG 

395 UAACtXr CUGAIX3AGGCCGAAAGGCCGAA AAGCCAG 
429 CAGACGG CUGAUGAGGCCGAAAGGCCGAA AUCAGUS 
434 GAUGACA CUGAOGAOQCCGAAAGGCCGAA ACGGOAU 
434 GAUGACA OXSAUGAOGCCGAAAGGCCGAA ACGGUAU 
441 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AUGACAG 
452 AGAAGCC OXyiUGAGGCCGAAAGGCCGAA ACUGGGC 
452 AGAAGCC CUGAIWAGGCCGAAAOGCCGAA ACUGGGC 

457 GGAGAAG CUGAUGAGGCCGAAAGGCCGAA AGCCGAC 

458 UGGAGAA CUGAOQAGOCCGAAAGGCCGAA AAGCCGA 

460 AUUGGAG CUGAUGAGGCCGAAAGGCCGAA AGAAGCC 

461 GAUU3GA CUGAUGAGGCCGAAAGGCCGAA AAGAA3C 

463 CUGAUIX; CUGAUGAOGCCGAAAOGCCGAA AGAAGAA 

472 AAGUGAU CUGAUGAOOCOQAAAGGCCGAA ACUGACU 

472 AAGUGAU CUGAUGAGGCCGAAAGGCCGAA ACUG^JX- 
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479 
480 
481 
481 
492 
560 
563 
572 
572 
577 
620 
626 
632 
632 
634 
635 
635 
635 
647 
649 
651 
653 
735 
759 
794 
794 
819 
824 
826 
876 
913 
997 
1003 
1003 
1023 
1048 
1052 
1081 
1084 
1086 
1097 
1098 
1118 
1118 
1141 
1164 
1202 
1220 
1220 
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UUUCGAA CTOAWyU3CXXX3AAAGCXX3t3AA ACOGAOG 
UUUUCGA OX^UGAGOCCGAAAOGCCGAA AAGUGAU 
CUiroOCG CUGAOSAGOCCCSAAAGGCCXSAA AAAGUGA 
CUUUUCG CUGAlX»GGCCGAAAGGOCGAA AAAGOGA 
OKSAlXa^GGCXXSJUU^OGCOGAA ACACOIKJ 
CACAGAU OXSAUGAGCXXXSJUUtfWCC^ ACAUUAG 
AACCACA OXaUXSAGQCXX^AWXXXXSAA AUGACAU 
OOGACOO CXXSAUGAGOXGAAAGOCCGAA AAACCAC • 
GCGPiOJU OXSAtKSAGGCCGAAAGGCCGAA AAACCAC 
CAUCCGG CUSAUGAOGCCGAAAGGCCGAA AOJUUAA 
UGAUGAG OXSAOMGCOGAAAOCXOGAA AUGCCCA 
AAMJGGU CWftUSAGGCOGAAAGGCCGAA AUGAGGA 
CCOOGAA COSAOSAGCXXXaAAAGGCCGAA AOGGCXSA 
CCCOGAA COGAUSAOOCCGAAAGGCCGAA AUGGUGA 
CACCCCG CUGAUGAOGCCGAAAGGOCGAA AAAUGGU 
ACACCCC OXSAUGAOGCCGAAAGGOOGAA AAAAUQG 
ACACCCC COGAUGAGQCCGAAAGGCCGAA AAAAUOG 
ACACCCC OXSAOGAGGCCGAAAGGCCGAA AAAAUOG 
UGAUAUA CUGADGAOGCCGAAAGGCCGAA AGAAACA 
^J^^U<2AUA CUGAUGAGGCCGAAAGGCCGAA AGAGAAA 
^^UUU^ CUGAUGAGGCCGAAAOGCCGAA AUAGAGA 
CCUUUUU CUSAIXSAQGCOGAAAGGCCGAA AUAUAGA 
COQGGAU CUGAIXSAGGCCGAAAGGCCGAA AUCUUCC 
UGCACUG CUGAUGAGGCCGAAAGGCCGAA AGCAGCG 
CCUGUGa CUGAUGAGGCCGAAAGGCCGAA ACAGGCU 
CCUGUGU CUGAtJGAGGCCGAAAGGCCGAA ACAGGCU 
GAGAUGC CUGAUG' ; • ' XXSAAAGGCCGAA ACUCUCU 
GCACUGA OJGAIX- tl v^CGAAAGGCCGAA AUGCGAC 
CUGCACU CUGAUGAGGCCGAAAGGCCGAA AGAUGCG 
GGGUUCA CUGAUGAGGCCGAAAGGCCGAA ACCAGQG 
GGUCAGC CUGAUGAGGCCGAAAGGCCGAA AGCAGCC 
AAAAAGC CUGAUGAGGCCGAAAGGCCGAA AGUUGAG 
AUCCUUA CUGAUGAGGCCGAAAGGCCGAA AAAGCAA 
AUCCUUA CUGAUGAGGCCGAAAGGCCGAA AAAGCAA 
QAUGCCC CUGAUGAGGCCGAAAGGCCGAA AGCUUUC 
^^^XXJAGH CUGAUGAGGCCGAAAGGCCGAA AUCACUG 
CACUUOG CUGAIX3AGGCCGAAAGGCCGAA AGAOAUC 
OCAAGAC OXSAUGAGQCCGAAAGGCCGAA ACUCUGG 
GCAGCAA CUGAUGAGGCCGAAAGGCCGAA ACAACUC 
CCGCAGC CUGAUGAGGCCGAAAGGCCGAA AGACAAC 
UACAGIX5 CUGAUGAGGCCGAAAGGCCGAA ACGCCGC 
UUACAGU OXSAUGAQGCCGAAAGGCCGAA AACGCCC 
ACUCCUG CUGAOQAOGCCGAAAGGCCGAA AGCCACG 
ACXXXUG OJGAUGAGGCOGAAAGGCCGAA AGCCACG 
CGAGCAC OJGAUGAOGCCGAAAGGCCGAA AGCUGCG 
travUGGC CUGAUGAGGCCGAAAGGCCGAA ACCAOGU 
GUAUAAA CUGAUGAGGCCGAAAGGCCGAA AAUOACA 
AGUUUCU CUGAUGAGGCCGAAAGGCCGAA AGAUGC^ 
AGUUUCU CUGAUGAGGCCGAAAGGCCGAA AGAUGC^ 
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CCUGCUA CUGAUQA0GCXX;AAAGQCXX3AA AGUUlKiXJ 
AUOCCAC CUGAOGAGC3CCGAAAGGCCGAA ACOJGUU 
OGGCAOC OXSAIXSAOGCCGAAAGGCCGAA AGCUCCU 
UCOCAGG aiGAOCSAOOOCGAAAGGCCGAA AUCAAAA 
UUACCAU CUGAW»GOCCGAAAGGCCGAA AAGUCCC 
UUACCAU axyOJGAGGCCGAAAGGCCGAA AAGUCCC 
GAGGUCA CUGAUGAOOCCGAAAGGCOGAA AUGACAA 
.CAOGQG6 CUGAUQA0C300SAAAGG00GAA ACAUUAC 
AOUUOAG OISAUQAOGCCGAAAOGCCGAA AUAUS^XS 
OCUACAA OIGADSAGGCCGAAAGGCCGAA ACACCAC 
UAAUUtX: CUGAUGAGGCCGAAAGGCCGAA ACAAUAC 
C3GCGGAU OJQAUGAGGCCGAAAGGCCGAA AAAUAAU 
GGOGQAU OKSAOSAOGOCXSAAAOGCCQAA AAAUAAU 
CAGGOAG OKJAWSAOGCCGAAAGGCCGAA AACCCAG 
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Table CM: 2.5 ^mpl RNA Synthesis Cycle 



Reagent 


Equivalents 


Amount 


Walt 








Time* 


Phosphoramidites 


6.5 


163 nL 


2:5 


S-Ethyl Tetrazole 


23.8 


238 ^L 


2.5 


Acetic Anhydride 


100 


233 )iL 


5 sec 


/V-Methyl Imidazole 


186 


233 


5 sec 


TCA 


83.2 


1.73 mL 


21 sec 


Iodine 


6.0 


1.18 mL 


45 sec 


Acetonitrile 


NA 


6.67 mL 


NA 



• Waft time does not include contact time during delivery. 
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Table EVII: Deprotection of a 36 mer aU ribo oUgo using 70% ethylamine in 
aqueous. The data are as foUows upon HPLC reprocessing: 



Sample 



CD's 



% Full Length % frontside 
Product (FLP) 



%backside 



MA lO'efiS" 


0.984 


145073 


71 dJAn 


I3.0IOO 


MA 10'@65' 


1.125 


18.9269 


0/.OUUO 


13.2725 


EA rt 10' 


0.925 


16.5804 


OO.oioO 


16.6010 


EA rt 10' 


0.920 


IS 7451 


0/J7V4 


16.6785 


EA rt30' 


0971 


l/.4o94 


67.6782 


14.8525 


EArt30' 


0.794 


15.7587 


69.8084 


14.4329 


EA 40" ID- 


0.819 


18.0827 


66.4937 


15.4236 


EA 40» 10' 


0.986 


17.5763 


66.7865 


15.6372 


EA 40" 15' 


0.877 


18.7963 


67.0064 


14.1999 


EA 40° 15" 


0.911 


18.7808 


70.7306 


10.4885 


EA 55» 10' 


1.001 


17.8810 


66.4703 


15.6487 


EA 55" 10' 


1.023 


19.1069 


68.6706 


12.2225 
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Claims 



An enzymatic nucleic acid having a hammerhead motif, wherein said 
nucleic acid comprises of at least five ribose residues, and wherein 
said nucleic acid comprises a 2*-C-allyl modification at position No. 4 
of said nucleic acid, and wherein said nucleic acid cocnprises at least 
ten 2'-0-methyl modifications, and wherein said nucleic acid 
comprises a 3'- end modification. 

The enzymatic nucleic acid of claim 1, wherein said nucleic acid 
comprises a 3"-3' linked inverted ribose moiety at said 3* end. 

An enzymatic nucleic acid having a hammerhead motif, wherein said 
nucleic acid comprises of at least five ribose residues, and wherein 
said nucleic acid comprises a 2'*amino modification at position No. 4 
and/or at position No. 7 of said nucleic acid, wherein said nucleic acid 
comprises at least ten 2'-0-methyl modifications, and wherein said 
nucleic acid comprises a 3*-3' linked Inverted ribose or thymidine 
moiety at its 3' end. 

An enzymatic nucleic acid having a hammerhead motif, wherein said 
nucleic acid comprises of at least five ribose residues, and wherein 
said nucleic acid comprises a non-nucleotide substitution at position 
No. 4 and/or at position No. 7 of said nucleic acid molecule, wherein 
said nucleic acid comprises at least ten 2'-0-methyl modifications, and 
wherein said nucleic acid comprises a 3'-3' linked inverted ribose or 
thymidine moiety at its 3* end. 

An enzymatic nucleic acid which cleaves target mRNA having a 
sequence selected from SEQ. ID. NOS. 34. 35. 57, 125. 126. 127, 
128. 129. 140. 162. 170. 179. 188. 223. 224. 236. 245. 246. 256. 259. 
260. and 281. wherein said nucleic acid comprises of at least five 
ribose residues, and wherein said nucleic acid comprises a 6-methyl 
uridine substitution at position No, 4 and/or at position No. 7 of said 
nucleic acid molecule, wherein said nucleic acid comprises at least 
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ton 2'-0-methyl modifications, and wherein said nucleic acid 
comprises a 3'-3' linked inverted ribose or thymidine moiety at its 3* 
end. 

6. The enzymatic nucleic acid which cleaves target mRNA having a 
sequence selected from SEQ. ID. NOS. 34. 35, 57, 125. 126, 127 
128. 129. 140. 162. 170. 179. 188. 223. 224. 236,' 245. 246, 256'. 259. 
260. and 281. wherein said nucleic add comprises-of at least five 
ribose residues, wherein said nucleic acid comprises a 2'-C-allyl 
r^odificatlon at position No. 4 of the said nucleic acid, wherein said 
nucleic acid comprises at least ten 2*-0-methyl modifications, and 

wherein said nucleic acid comprises a 2'-3' linked inverted ribose or 
thymidine moiety at its 3' end. 

7. The enzymatic nucleic acid of any one of claims 1-6. wherein said 

nucleic acid comprises phosphorothioate linkages at least three of the 
^ S seven 5' terminal nucleotides. 

8. Nucleic acid molecule which blocks synthesis and/or expression of an 

mRNA encoding B7-1. B7-2. B7-3 and/or CD40. 

9. The nucleic acid of claim 8. wherein said molecule is an enzymatic 

nucleic acid molecule. 

20 10. The nucleic acid molecule of claim 9. wherein, the binding amis of said 
enzymatic nucleic acid contain sequences complementary to the 
nucleotide base sequences in any one of Tables Bll. BIV. BVI BVIII 
BX. BXII. BXIV. BXV. BXVI, BXVII. BXVm and BXIX. 

11. The nucleic acid molecule of claims 9 or 10. wherein said nucleic acid 
25 molecule is in a hammerhead motif. 

12. The enzymatic nucleic acid molecule of claim 9 orio. wherein said 
nuciek; acid molecule is In a hairpin, hepatitis Delta virus, group I 
intron. VS nucleic acid or RNaseP nucleic acid motif. 
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13- The enzymatic nucleic acid molecule of any of claims 9 or 10, wfierein 
said ribozyme comprises between 12 and 100 bases complementary 
to the RNA of said region. 

14. The enzymatic nucleic acid of claim 13, wherein said ribozyme 
comprises between 14 and 24 bases complementary to the RNA of 
said region. 

i 

15. Enzymatic nucleic acid molecule consisting essentially of any ribozyme 
sequence selected from those shown in Tables Bill, BV, BVI, BVII. BIX, 
BXl. BXIII, BXIV. BXV, BXVI. BXVII. BXVIII. 

16. A mammalian cell including an enzymatic nucleic acid molecule of any 
of claims 8 or 9, 

17. The cell of claim 16. wherein said cell is a human cell. 

18. An expression vector comprising nucleic acid encoding the enzymatic 
nucleic acid molecule of any of claims 9 or 10, in a manner which 
allows expression and/or delivery of that enzymatic RNA molecule 
within a mammalian cell. 

19. A mammalian cell including an expression vector of claim 18. 

20. The cell of claim 19. wherein said cell is a human cell. 

21. A method for treatment of a patient having a condition associated with 
the level of B7-1, B7-2. B7-3 and/or CD40, wherein the patient, tissue 
donor or population of corresponding cells is administered a 
therapeutically effective amount of an enzymatic nucleic acid molecule 
of claims 8. 9 or 10. 

22. A method for treatment of a condition related to the level of B7-1, B7-2, 
B7-3 and/or CD40 activity by administering to a patient an expression 
vector of claim 21. 

23. The method of claims 21 or 22, wherein said patient is a human. 
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24. A method for inducing tolerance in a recipient to alloantigen of a donor 
comprising treating antigen presenting cells from a donor with nucleic 
acid of claim 8 or 9. and Infusion of said treated antigen presenting 
cells into said recipient. 

25. A method for enhancing graft tolerance comprising contacting a nucleic 
add of claims 8 or 9 with cells of said graft prior to transplantation. 

26. A method for treatment of an autoimmune disease, comprising 
contacting an antigen presenting cell of a patient with a nucleic acid of 
claims 8 or 9. 

27. The method of claim 26. wherein said cells are contacted ex vivo with 
said nucleic acid. 

28. The method of claim 26. wherein said cells are contacted with 
autoantigen characteristic of said disease. 

29. The method of claim 28. wherein said celts are reinfused into said 
patient. 

30. Enzymatic nucleic acid having at least one modified base substitution, 
wherein said base substitution is selected from a group comprising 
pyridin-4-one, pyridin-2-one. phenyl, pseudouracil. 2. 4. 6-trimethoxy 
benzene. 3-methyluracil. dihydrouracil. naphthyl. e-methyl-uracil and 
aminophenyl. 

31. The enzymatic nucleic acid of any of claim 30. wherein said nucleic 
acid has a hammerhead motif. 

32. Mammalian cell comprising an enzymatic nucleic acid molecule of and 
of claims 30-31. 

33. The enzymatic nucleic acid of claim 31. wherein said nucleic acid 
includes said modified base substitutions at position 4 or at position 7. 

34. The ribozyme of claim 33. wherein said substitution is 6-methyl uracil. 

35. The ribozyme of claim 33. wherein said substitution is pyridin-4-one. 
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36. The ribozyme of claim 33, wherein said substitution is phenyl. 

37. The ribozyme of claim 33, wherein said substitution is pyridin-2-one. 

38. The ribozyme of claim 33, wherein said substitution is pseudouracil. 

39. The ribozyme of claim 33. wherein said substitution is 2, 4. 6-trimethoxy 
5 benzene. 

40. The ribozyme of claim 33, wherein said substitution is dihydrouracil. 

41 . The ribozyme of claim 33. wherein said substitution is 3-methyluraciL 

42. The ribozyme of claim 33, wherein said substitution is naphthyl. 

43. The ribozyme of claim 33, wherein said substitution is aminophenyl. 
10 44. 2'-deoxy-2'-allcylnucleoside. 

45. 2*-deoxy-2-alkylnucleotide. 

46. Oligonucleotide comprising one or more 2*-deoxy-2*-alkylnucleotides. 

47. Enzymatic nucleic acid comprising a 2'-deoxy-2'-alkylnucleotide. 

48. Method for producing an enzymatic nucleic acid molecule having 
1 5 enhanced activity to cleave an RNA or single-stranded DNA molecule, 

comprising the step of forming said enzymatic molecule with at least 
one nucleotide having at its 2'-position an alkyi group. 

49. 2*-deoxy-2'-alkylnucleotide triphosphate. 

50. Method for synthesis of a 2'-C-allyl derivative from a 5 -0-DMT-3 -0- 
20 TBDMS-base comprising the steps of: 

(a) phenoxyltriocartjonylation of 5*-0-DMT-3*-0-TBDMS-base to yeild 
a thioester, replacing a 2* hydroxyl group with a phenoxythiocarbonyl 
group, and 
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(b) Heck acylation of said thioester to form a 2'-C-allyl derivative 
which said 2'.phenoxythlocarbonyi group is replaced with said 2*-C 
alltyl group to yield said 2'-C-alIyl derivative. 



in 



51. A compound having the formula: 

R2-0 




wherein. R1 represents 2'-0.alkylthioalkyl or 2'-C-alkylthioalky|- x 
represents a base or H; Y represents a phosphorus-containing groLp- 
and R2 represents O. DMT or a phosphonjs-containing group. 

52. Oligonucleotide comprising one or more compounds of claim 51. 

53. Enzymatic nucleic acid comprising a compound of claim 51 . 

54. The compound of claim 51, wherein said compound is in the form of a 
triphosphate. 

55. Enzymatic nucleic acid of claim 53 wherein said nucleic acid is in a 
hammerhead motif. 

56. Enzymatic nucleic acid of claim 53. wherein said nucleic acid is in a 
hairpin, hepatitis delta virus, group I intron. VS RNA or RNase P RNA 
motif. 



57 Enzymatic nucleic acid of claim 55. wherein said hammerhead 
ribozyme has positions 4 and/or 7 substituted with 2'-0- 
20 methylthiomethyi. 
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58. Enzymatic nucleic acid of claim 55 or 57. wherein one monomer in 
stem II of said hammerfiead is substituted with at least one 2'-0- 
methylthiomethyl. 

59. Enzymatic nucleic acid of claim 55 or 56. wherein said nucleic acid is 
substituted at one or more positions with 2'-0-methylthiophenyl. 

60. A mammalian cell comprising a compound of any one of the claims 51- 
59. 

61. The cell of claim 60, wherein said cell is a human cell, 

62. Method for producing an enzymatic nucleic acid molecule having 
activity to cleave an RNA or single-stranded DNA molecule, 
comprising the step of fonning said enzymatic molecule with at least 
one position having at its 2'-position an 2'-0-alkylthioalkyl and/or 
2'-C-alkylthioalkyl group. 

64. Hammerhead ribozyme having a hon-nucleotide in the catalytic core in 
a site selected from the group consisting of the normally occurring 
uracil at position 4 and 7. 

65. Hammerhead ribozyme having a stem II and a loop II, wherein said 
loop 11 comprises a non-nucleotide. 

66. Hammerhead ribozyme having a non-nucleotide at its 3' end. 

20 67. A mammalian cell comprising an enzyriiatic nucleic acid molecule of 
any one of the claims 64-67. 

68. The ceil of claim 67, wherein said cell is a human cell. 

69. Method of synthesis of abasic ribonucleoside mimetics described in 
figure 58. 

25 70. A method for the deprotection of RNA comprising the step of providing 
aqueous ethylamine (EA) at between 25'C - 60«C for 5 to 30 minutes 
to remove any exocyclic amino protecting groups from protected RNA. 
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71. The method of claim 70 wherein, said ethylamine is provided at 40«C 
for 10 minutes. 

72. The method of claim 70 wherein, said ethylamine is provided at 55»C 
for 10 minutes. 

5 73. The method of claim 70. further comprising deprotection of RNA 
alkylsilyl protecting groups comprising, contacting said groups with 
anhydrous triethylamine-hydrogen fluoride (aHF«TEA) 'trimethylamlne 
or diisopropylethylamine at between 60 "0-70 »C for 0.25-24 h. 

74. The method of any one of claims 70-73 wherein, said RNA is an 
10 enzymatic RNA. 

75. Method for synthesis of an enzymatic nucleic acid, comprising the steps 
of: 

providing a 3' and a 5' portion of said enzymatic nucleic acid having 
independent chemically reactive groups at the S" and 3' positions, 
respectively, under conditions in which a covalent bond is formed 
between said 3' and 5' portions by said chemically reactive groups, 
said bond being selected from the group consisting of. disulfide.* 
morpholino. amide, ether, thioether. amine, a double bond, 
sulfonamide, ester, carbonate, hydrazone. said bond not being a 
natural bond formed between a 5' phosphate group and a 3' hydroxy! 
group. 

76. The method of claim 75. wherein said nucleic acid has a hammerhead 
motif and said 3' and 5' positions each have said chemically reactive 
groups in or immediately adjacent to the stem II region. 

?5 77. The method of claim 75. wherein one said chemically reactive group is 

(CH2)nSH and the other chemically reactive group is (CH2)nSH. 
wherein each n IndependenMy is an integer from 0 to 10 inclusive and 
may be the same or different. 

78. The method of claim 75. wherein one said chemically reactive group is 
30 (CH2)nNH2 and the other chemically reactive group is ribose. wherein 
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each n independently is an integer from 0 to 10 inclusive and may be 
the same or different. 

The method of claim 75, wherein one said chemically reactive group is 
(CH2)nNH2 and the other chemically reactive group is COOH, 
wherein each n independently is an integer from 0 to 10 inclusive and 
may be the same or different. 

The method of claim 75. wherein one said chemically reactive group is 
(CH2)nX and the other chemically reactive group is (CH2)nOH or 
(CH2)nSH; wherein each n independently is an integer from 0 to 10 
inclusive and may be the same or different; X is halogen. 

The method of claim 75. wherein one said chemically reactive group is 
{CH2)nNH2 and the other chemically reactive group is CHO, wherein 
each n independently is an integer from 0 to 10 inclusive and may be 
the same or different. 

15 82, The method of claim 75, wherein one said chemically reactive group is 
(CH2)nPPh3 and the other chemically reactive group is CHO, wherein 
each n independently is an integer from 0 to 10 inclusive and may be 
the same or different. 

83. The method of daim 75. wherein one said chemically reactive group is 
20 (CH2)nNH2 and the other chemically reactive group is (CH2)nS02CI, 

wherein each n independently is an Integer from 0 to 10 inclusive and 
may be the same or different. 

84. The method of claim 75, wherein one said chemically reactive group is 
{CH2)nOH and the other chemically reactive group is COOH. wherein 

25 each n independently is an integer from 0 to 10 inclusive and may be 

the same or different. 

85. The method of claim 75, wherein one said chemically reactive group is 
(CH2)nCOH and the other chemically reactive group is (CH2)nNH2. 
wherein each n independently is an integer from 0 to 10 inclusive and 

30 may be the same or different. 
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86. The method of claim 75, wherein one said chemically reactive group is 
(CH2)nC0X and the other chemically reactive group is (CH2)nOH. 
wherein each n independently is an integer from 0 to 10 inclusive and 
may be the same or different. 

5 87. The method of claim 78, wherein said conditions include provision of 
Nal04 in contact with said ribose, and subsequent provision of NaBH4 
or NaCNBH3. 

88. The method of claim 79, wherein said conditions include provision of a 
coupling reagent. 

10 89. A mixture comprising 5' and 3' portions of an enzymatic nucleic acid 
having a 3' and 5' chemically reactive group respectively selected 
from the group consisting of (CH2)nSH, (CH2)nNH2. ribose, COOH. 
(CH2)nX. (CH2)nPPh3i CHO, (CH2)nS02CI. (CH2)nC0X, (CH2)nX, 
(CH2)nOH. {CH2)nC0H, and (CH2)nSH: wherein each n 

15 independently is an integer from 0 to 10 inclusive and may be the 

same or '"Cerent and X is halogen. 

•V. 

90. The method of claim 75. wherein one said chemically reactive group is 
linking group-SH and the other chemically reactive group is linking 
group-SH, wherein each linking group may be the same or different. 

20 91. The method of claim 75, wherein one said chemically reactive group is 
linking group*NH2 and the other chemically reactive group is ribose. 

92. The method of claim 75, wherein one said chemically reactive group is 
linking group-NH2 and the other chemically reactive group is COOH. 

93. The method of claim 75, wherein one said chemically reactive group is 
25 linking group-X and the other chemically reactive group is linking 

group-OH or linking group-SH; wherein each linking group may be the 
same or different; X is halogen. 



94. 



The method of claim 75, wherein one said chemically reactive group is 
linking group-NH2 and the other chemically reactive group is CHO. 
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95. The method of claim 75, wherein one said chemically reactive group is 
linking group-PPh3 ^^^^ chemically reactive group is CHO. 

96. The method of claim 75, wherein one said chemically reactive group is 
linking group-NH2 <^ther chemically reactive group is linking 
group.S02CI. wherein each linking group may be the same or 
different. 

97. The method of claim 75. wherein one said chemically reactive group is 
linking group-OH and the other chemically reactive group is COOH. 

98. The method of claim 75. wherein one said chemically reactive group is 
linking group-COH and the other chemically reactive group is linking 
group-NH2, wherein each linking group may be the same or different. 

99. The method of claim 75. wherein one said chemically reactive group is 
linking group-COX and the other chemically reactive group is linking 
group-OH. wherein each linking group may be the same or different. 

100. The method c ' im 91, wherein said conditions include piovision of 
Nal04 in contact with said ribose, and subsequent provision of NaBH4 
orNaCNBHs. 

101. The method of claim 100, wherein said conditions include provision of 
a coupling reagent. 

102. A mixture comprising 5* and 3' portions of an enzymatic nucleic acid 
having a 3* and 5* chemically reactive group respectively selected 
from the group consisting of linking group-SH, linking group-NH2, 
ribose, COOH. linking group-X. linking group-PPhs. CHO. linking 
group-S02CI, linking group-COX, linking group-X; linking group-OH. 
linking group-COH. and linking group-SH; wherein each linking group 
may be the same or different and X is halogen. 

103. A transcribed non-naturally occuring RNA molecule, comprising a 

desired therapeutic RNA portion, wherein said molecule comprises an 
intramolecular stem formed by base-pairing interactions between a 3* 
region and 5' complementary nucleotides in said RNA. wherein said 
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stem comprises at least 8 base pairs wherein said molecule is 
transcribed by a RNA polymerase II promoter system. 

104. A transcribed non-naturally occuring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises an 

5 intramolecular stem formed by base-pairing interactions between a 3' 

region and 5' complementary nucleotides in said RNA. wherein said 
stem comprises at least 8 base pairs, wherein said molecule is 
transcribed by a US small nuclear RNA promoter system. 

105. A transcribed non-naturally occuring RNA molecule, comprising a 
10 desired therapeutic RNA portion, wherein said molecule comprises an 

intramolecular stem formed by base-pairing interactions between a 3' 
region and 5' complementary nucleotides in said RNA, wherein said 
stem comprises at least 8 base pairs, wherein said molecule is 
transcribed by an adenovirus VA1 RNA promoter system. 

15 106. A transcribed non-naturally occuring RNA molecule, comprising a 
desired therapeutic T '^ portion, wherein said molecule comprises an 
intramolecular stem formed by base-pairing interactions between a 3' 
region and 5' complementary nucleotides in said RNA. wherein said 
stem comprises at least 8 base pairs, wherein said molecule is a 

20 chimeric adenovirus VA1 RNA. 

107. A transcribed non-naturally occuring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises an 
intramolecular stem formed by base-pairing interactions between a 3* 
region and 5' complementary nucleotides in said RNA, wherein said 

25 stem comprises at least 8 base pairs, wherein said intramolecular 

stem is separated from said desired RNA by a spacer sequence. 

108. The RNA molecule of claim 107, wherein said spacer sequence is 
about 5-50 nucleotides. 
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